ITEM # 00-11-3:

STAFF RECOMMENDATION:

DISCUSSION:

SUMMARY OF BOARD ITEM

PUBLIC HEARING TO CONSIDER THE
REVISIONS TO THE CARL MOYER AIR
QUALITY STANDARDS ATTAINMENT
PROGRAM GUIDELINES

The staff recommends that the Board approve
the proposed revisions to the Carl Moyer Air
Quality Standards Attainment Program (The
Carl Moyer Program) Guidelines.

Sections 44275 et. seq. of the Health and
Safety Code establish the Carl Moyer Program
with the Air Resources Board (ARB or the

Board) as the administrator. The Board initially

approved the Carl Moyer Program Guidelines
in February 1999.

This program is vital to all Californians: it
provides near-term emission reductions of NOx
that are necessary for California to meet its
clean air commitments under the State
Implementation Plan. These reductions are
also necessary to enable local air pollution
control districts to meet the requirements of
their transportation conformity plans required
by the United States Environmental Protection
Agency pursuant to section 176 of the Clean
Air Act, thus preventing the loss of federal
highway dollars for areas throughout
California.

In total, the Carl Moyer Program is providing
$98 million in incentives to substantially reduce
emissions of oxides of nitrogen (NOx) from
mobile source diesel engines. The Carl Moyer
Program also results in reductions of the fine
particulate component of diesel exhaust, which
contributes to particulate matter (PM) air
pollution and is a toxic air contaminant. In the
first year the program reduced NOx emissions
by about 4 tons per day and PM by about 100
pounds per day. If projects continue to be
funded at the same cost-effectiveness level as
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those funded in the first year, total NOx
emission reductions for three years will be
about 15 tons per day out of a total statewide
NOx inventory of 3,300 tons per day.

The Board submitted a report on the status of
the Carl Moyer Program funded under the
Budget Act of 1998 to the Legislature and the
Governor in January 2000. Section 44297 (a)
of the Health and Safety Code also established
a thirteen member Advisory Board to develop a
second report for the Governor and the
Legislature on whether the Carl Moyer
Program should continue. The Advisory Board
concluded that the program is successful and
recommended that the Carl Moyer-Program
continue through 2010. A third consecutive
one-time budget appropriation ($50 million)
was enacted to fund the program this year.

Staff is proposing revisions to the guidelines to
ensure that the program continues to produce
real, quantifiable, cost-effective, and enforceable
emission reductions. Staff's proposed revisions
inciude a methodology for calculating incremental
fuel costs for alternative fuels for cost-
effectiveness purposes as required under Health
and Safety Code section 44283(f). Staff's
proposal also addresses recommendations made
by the Advisory Board pertaining to PM emission
reduction requirements and goals, as well as
altering the districts’ matching fund requirement,
an option made possible by SB 1300 (Sher; Stats.
2000, Ch. 729). Lastly, staff's proposal contains
technical modifications based on the ARB’s and
local districts’ program experience in the first year;
emission inventory adjustments based on new
approved on-road and off-road models; and
modifications based on experiences with current
and anticipated heavy-duty engine control
technologies. '

If approved, these proposed revisions to the

current Carl Moyer Program Guidelines would
continue to make the program a success. Future
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emission reductions would continue to be real,
- quantifiable, and enforceable.
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CALIFORNIA AIR RESOURCES BOARD

NOTICE OF PUBLIC MEETING TO REVIEW AND APPROVE REVISIONS TO THE
CARL MOYER MEMORIAL AIR QUALITY STANDARDS ATTAINMENT PROGRAM
GUIDELINES; INCENTIVES FOR LOWER EMISSION HEAVY-DUTY ENGINES

The California Air Resources Board (Board or ARB) will conduct a public meeting at the
time and place noted below to consider approving revisions to the Carl Moyer Program
Guidelines.

DATE: November 16, 2000
TIME: 9:30 a.m.

PLACE: Air Resources Board
Board Hearing Room, Lower Level
2020 L Street
Sacramento, CA

This item will be considered at a two-day meeting of the Board, which will commence at
9:30 a.m., November 16, 2000, and may continue at 8:30 a.m., November 17, 2000. This
item may not be considered until November 17, 2000. Please consult the agenda for the
meeting which will be available at least 10 days before November 16, 2000, to determine
when this item will be considered.

This facility is accessible to persons with disabilities. If accommodation is needed, please
contact ARB's Clerk of the Board at (916) 322-5594 by November 2, 2000, to ensure
accommodation. Persons with hearing or speech impairments can contact us by using our
Telephone Device for the Deaf (TDD) at (916) 324-9531, or (800) 700-8326 for TDD calls
from outside the Sacramento area.

Background

The purpose of the Carl Moyer Memorial Air Quality Standards Attainment Program is to
obtain early emissions reductions of criteria air pollutants and help California meet its air
quality obligations under the State implementation Plan (SIP) required by the Federal
Clean Air Act by funding state-of-the-art control programs. This program provides grants
for the extra capital cost of lower-emission heavy-duty vehicles and equipment. In
essence, the program buys critical near-term emission benefits that California needs to
meet impending federal air quality deadlines.

The Air Resources Board approved the Carl Moyer Memorial Air Quality Standards
Attainment Program (Carl Moyer Program) Guidelines in February 1999. The program has
been funded for two years, and is entering a third year funding cycle. Based on ARB and
local air district staff experience with implementation of the Carl Moyer Program, the ARB
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believes it is necessary to revise the Guidelines in order to improve the program’s ability to
achieve its goals. These proposed revisions will affect Carl Moyer Program projects funded
in the third year (2000/01 fiscal year funds).

Assembly Bill 1571 (Brulte/Villaraigosa, Stats 1999, Ch. 923; HSC section 44275 et seq.),
directs ARB staff to allow the public 45 days to comment on any proposed revisions to the
program. AB 1571 also created the Carl Moyer Program Advisory Board (Advisory Board),
which was responsible for developing a report with recommendations on continuing and
improving the Carl Moyer Program. The ARB staff has developed these proposed
revisions to the Guidelines taking into consideration changes required under AB 1571 and
recommendations made by the Advisory Board. The staff's proposed revisions were made
available to the public on July 27, 2000, opening the required 45-day public comment
period. In August 2000, ARB staff conducted a series of public workshops to gather public
comments.

The Carl Moyer Program is set up in a two-tier administrative system. The ARB has the
responsibility to establish program guidelines, oversee the program, and report program
benefits. Local air districts implement the program and provide a link with public and
private participants. Hence, ARB staff must evaluate every participating district’s
program and progress and administer program funds, as well as review project
applications. In addition, ARB has also supported the program by developing new
certification and testing procedures and by researching new technologies and fuels for
possible emission benefits. Participating districts implement the program, conduct
outreach to project applicants, thoroughly review and select projects that meet guideline
criteria, and report progress back to the ARB.

The original program guidelines were approved in February 1999. As a means to
improve the program’s effectiveness in achieving its goals, ARB staff is proposing to
revise the program guidelines. If approved, projects funded in the third year must be
selected according to the criteria listed in the proposed revisions.

STATUS OF THE CURRENT PROGRAM

In its first year, the Carl Moyer Program was an overwhelming success. Staff estimated
that projects funded in the first year of the program will reduce oxides of nitrogen (NOx)
emissions by about 4 tons per day, and particulate matter (PM) emissions by about
100 pounds per day at a cost of $3,000 per NOx ton. This cost-effectiveness is far
below the program's initial threshold of $12,000 per ton and below the cost of typical
stationary emission reduction strategies. The demand for project funds exceeded three
times the amount of funds available. ARB distributed $24.5 million (1998/1999 fiscal
year funds) in project funds to sixteen local air districts. Forty percent of those funds
were used to fund alternative fuel on-road projects, 25 percent to fund marine vessel
projects, 20 percent to fund agricultural pumps, 10 percent to fund forkiifts, and the
remaining 5 percent to fund other diesel repowers (mostly off-road equipment). In June
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1999, Governor Davis and the Legislature approved a one-time appropriation of $23
million to fund the Carl Moyer Program through a second year ($19 million to the ARB
for engine projects and $4 million to the California Energy Commission (CEC) for

- infrastructure and advanced technology projects). Most districts have already started
selecting and funding projects with second year funds. During the second year, the
Advisory Board, with the assistance of ARB, CEC, and the local air districts,
recommended in a report released March 31, 2000, to the Governor and the Legisiature
to continue the Carl Moyer Program through 2010, at an increased Ievel of funding.
Subsequently, the Governor and the Legislature approved a one-time budget
appropriation of $50 million ($45 million to ARB and $5 million to CEC) to fund the Carl
Moyer Program through a third year (fiscal year 2000/2001).

PROP D REVISION

In order to ensure that funding criteria are consistent statewide, even though districts
have different implementation schedules, it is necessary to move toward an annual
revision schedule. Hence, ARB staff is proposing a number of revisions to the

Carl Moyer Program Guidelines that will affect projects funded during this third year of
the program.

Some of the major proposed revisions include placing a cap on districts’ matching funds
for the future program, adding a new chapter to quantify the PM emission reduction
benefits of the program, adding provisions to allow funding for incremental fuel cost,
and adjusting the cost-emission requirement to reflect inflation and cost of living levels.
In addition, existing chapters are being revised to add provisions for dual-fuel engines
operated in low-speed, stop-and-go chassis cycle, large off-road and agricultural
irrigation pump projects, diesel to diesel repower and retrofit projects, and update
default emission factors. There are also some minor modifications to correct
discrepancies in the Guidelines such as omissions and typographical errors. The
following sections provide a brief description of the major proposed revisions.

District Matching Funds Ratio. The Advisory Board recommended that districts'
matching fund requirement be capped, recognizing the challenge in meeting the
matching requirement for an annual program funding level above $25 million. The
Governor and the Legislature responded by enacting Senate Bill 1300 (Sher; Stats
2000, Ch. 729) authorizing the ARB to adjust the ratio of matching funds required from
a district. Staff proposes to modify districts matching fund requirement according to the
Advisory Board's recommendations.

PM Emission Reduction Requirements and Goals. The Carl Moyer Program was
designed to help California produce the NOx emission reductions from heavy-duty
vehicles required in the 1994 SIP. Although the initial focus of the program was on
NOx reductions, the Advisory Board, ARB, and local air districts recognize that diesel
PM is a serious public health concern and PM reductions are necessary throughout
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California. In its report, the Advisory Board suggested to the Governor and the ‘
Legislature that the Carl Moyer Program should encourage further PM reductions. The
Advisory Board suggested a Carl Moyer Program goal to reduce PM emissions by 25
percent statewide, except for areas that are non-attainment for the federal PM
standard. Those areas designated as serious non-attainment for the federal PM
standard are required to reduce PM emissions by 25 percent on a program basis (not a
project-by-project basis). Currently, the San Joaquin Valley Air Pollution Control District
and the South Coast Air Quality Management District (SCAQMD) are the only two
districts affected by this proposed requirement.

ARB staff proposes to incorporate the Advisory Board's recommendations addressing
PM reductions into the Carl Moyer Program Guidelines. ARB staff proposes that PM
emissions be calculated similar to NOx emission reductions. Emission factors are used
to calculate reductions from the program and are based on the ARB emission inventory
models -- EMFAC 2000 and OFFROAD. A new chapter lists default PM emission
factors for each project category, and provides examples for calculating project and
program PM reductions.

Incremental Fuel Cost. The Carl Moyer Program is designed to pay the incremental

- capital cost of vehicles and equipment that are cleaner than required. Funding of
incremental fuel costs is not currently allowed under the program. Cleaner alternative
fuels and alternative diesel fuels (e.g., diesel-water emulsions) are available that can
reduce NOx and PM emissions. ARB staff proposes to allow districts the option to fund
incremental fuel costs, provided those funds come from district funds. Projects would
be approved by ARB on a case-by-case basis and funds would count as district
matching funds.

Cost-Effectiveness Requirement. The program's cost-effectiveness limit of $12,000
per ton of NOx reduced was approved in the first year of the program, three years ago.
Section 44283 of the Health and Safety Code authorizes the Board to adjust the cost-
. effectiveness limit to reflect the current inflation and cost of living adjustments. Hence,
ARB staff proposes to adjust the cost effectiveness limit to account for cost of living
‘increases that occurred over the past three years.

Dual-Fuel Engines In Transit Bus and Neighborhood Refuse Collection Vehicles.
Dual-fuel engines are available that are certified to reduce NOx to sixty-two percent of
the required NOx standards. One set of in-use test data shows that while these
engines deliver full emission benefits in many applications, the emission benefits are
less for engines operated on a low-speed, stop-and-go chassis cycle (the Central
Business District cycle). One indication of this is the percentage of alternative fuel
consumed. This fuel substitution rate has been high (approximately 80 percent) during
certification, but may be significantly lower in stop-and-go applications. ARB staff has
been working closely with a dual-fuel engine manufacturer to collect additional
information and more accurately determine the emission benefits in neighborhood
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refuse collection. Staff proposes that prior to any dual-fuel project being funded for a
stop-and-go application, the manufacturer must provide the Executive Officer with
sufficient in-use documentation to demonstrate that the fuel substitution rate is
appropriate to yield the certified benefits.

Update Emission Factors. ARB staff is proposing new NOx emission factors to reflect
the recently adopted EMFAC 2000 emission model, which accounts for the settlement
agreement between ARB and the diesel engine manufacturers (regarding excess NOx
emissions from the use of alternative injection timing strategies). ARB staff is proposing
emission factors for heavy-duty on-road vehicles that are based on the model year and
gross vehicle weight rating (GVWR). ARB staff is also proposing new emission factors
for off-road engines that reflect the new off-road model (OFFROAD), which incorporates
the most recent regulations adopted by both the U.S. Environmental Protection Agency
and the ARB for off-road diesel engines.

NOx Emission Reduction Requirement. The current guidelines establish a

25 - 30 percent emission reduction requirement for any retrofit or repower projects
funded under the program. This requirement, along with the new proposed emissions
factors, would prevent funding for significant emission reductions from diesel-to-diesel
repower and retrofit projects. Section 44282 of the Health and Safety Code authorizes
the Board to revise the minimum NOx emission reduction requirement for retrofit and
repower equipment, when necessary in order for the program to achieve its air quality
goals. ARB staff proposes to decrease the NOx emission reduction requirement to 15
percent. :

Repower Funding Caps. Based on implementation experience during the first two
years of the program, ARB staff believes that the funding caps for repower projects may
prohibit large off-road and agricultural irrigation pump engine projects from being
funded. Emission reductions from the replacement of these engines are significant and
can benefit the program in meeting its air quality goals. in order to encourage the
participation of large off-road and agricultural irrigation pump engine projects, ARB staff
proposes to remove the funding cap for repower projects.

Emission Calculations to Account for Activity Level Increase/Decrease. In
general, the emission reduction benefit of a project can be calculated based on the
annual fuel consumed, annual miles traveled, or annual hours operated and should
reflect the individual characteristics, such as horsepower, brake specific fuel .
consumption, and load, etc., of both the replacement and current engine. If the annual
fuel consumption is used, an energy consumption factor should be calculated (based
on the brake specific fuel consumption of each engine) and the activity level should be
based on actual annual fuel receipts. ARB staff proposes that when the annual mileage
or hours of operation is the basis for determining the emission reductions, the activity
level be based on the vehicle odometer or hour meter. The details for calculating
emissions are presented in each chapter, for each project category.

5
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Diesel Hybrids. One of the new heavy-duty technologies being demonstrated is that of
hybrid electric engine systems. Manufacturers of this technology are currently focusing
on the transit bus market, but this technology could also provide emission reductions in
other applications. Recent test data indicate that diesel hybrid transit buses with a
particulate filter and low sulfur diesel fuel can achieve PM emission levels comparable
to a natural gas transit bus without a particulate filter. However, that testing shows
current diesel hybrid technology does not produce the NOx reduction benefits of natural
gas engines. With further optimization diesel hybrid technology has the potential to
significantly reduce both NOx and PM. ARB staff is working to develop a certification
procedure for heavy-duty hybrids. Until that occurs, however, it is unlikely that reduced
emission levels of diesel hybrid vehicles can be easily validated. Currently, diesel
hybrids are not funded in transit applications. Staff proposes to allow them in the
program on a case-by-case basis until the certification procedure is resolved.

Auxiliary Power Units for Reducing Idling Emissions from Heavy-Duty Vehicles.
It is common practice for truck operators to idle their truck engines for an extended
length of time when the vehicles are parked. This keeps the engines and fuel warm,
and provides heating and cooling for the truck cabs. This practice increases the
amount of fuel used and emissions. An auxiliary power unit could be installed on a
truck to significantly reduce the amount of idling time the truck would normally be
subject to. This would result in fuel savings and emission reduction benefits. However,
relatively high initial costs of the auxiliary power units have prevented this and similar
technologies from being more widely utilized. Hence, ARB staff is proposing to include
a new project category into the Carl Moyer Program. Staff proposes to allow Carl
Moyer Program funds to pay for installation costs of auxiliary power units, up to $1,500
per unit installed. Staff's proposal includes criteria for funding these projects to ensure
real emission benefits would be realized in a most cost-effective manner.

Discount Factors for Marine Vessels. There is a degree of uncertainty regarding the
amount of offshore emissions that actually reach the mainland. Hence, staff is
proposing local district emission inventory boundaries will determine the range of
offshore eémissions boundaries for the program. If a local district has not established an
emission inventory boundary, ARB staff has set default value of 10 miles off shore.

Agricultural Pump Electric Motors. The current program is designed to provide
funding for the increase in capital cost between two engines (i.e., diesel engine versus
electric motor). Electric motors for agricultural pumps, however, cost less than diesel
engines and therefore do not qualify for incentive funding.

The emission benefits associated with replacing engines with electric motors are
significant. Hence, ARB evaluated two methods for providing the agricultural
communities with incentives to convert to electric motors: funding to cover standby
electric charges, or funding to install the power line and peripheral equipment

6
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necessary for an electric pump. The cost of the electric motor plus the installation cost
to set up a power line and connect necessary peripheral equipment to the motor are
comparable to the installed cost of a new off-road emission-certified diesel engine.
ARB staff proposes to allow Carl Moyer Program project funds for the incremental cost
of connecting the power line to the grid plus peripheral equipment. ARB staff
recommends line extension costs not be funded.

Expanded Forklift Program. For the first two years of the Carl Moyer Program, many
electric forklift projects were funded through a successful demonstration project in the
SCAQMD. Under this demonstration program, the SCAQMD staff determined it
appropriate to set a cost-effectiveness criterion of $3,000 per ton of NOx reduced for all
forklift projects. ARB staff proposes to expand the forklift demonstration program
statewide, including 2 maximum cost-effectiveness criterion of $3,000 per ton of NOx
reduced.

October 2002 Repowers. Under the current Carl Moyer Program replacing early 90s
electronically controlled engines with similar engines manufactured in the late 90s
(electronic-to-electronic repowers) was not allowed. Electronically controlled engines
manufactured in the late 90s are equipped with advanced computer controls that have
alternative strategies for fuel management. When these engines operate outside of the
certified test procedure, the alternative strategies allow the engines to produce excess
NOx emissions above the certified standard. This practice is commonly referred to as
“off-cycle NOx emissions”. A settlement agreement was reached between the engine
manufacturers, ARB, and U.S. Environmental Protection Agency requiring that many of
the engine manufacturers introduce new engines with significantly lower NOx emissions
beginning in October 2002. Repowering older electronically controlled trucks with these
October 2002 engines can significantly reduce emissions. Hence, ARB proposes to
allow October 2002 repowers under the Carl Moyer Program.

AVAILABILITY OF DOCUMENTS AND AGENCY CONTACT PERSON

A proposed revised version of Carl Moyer Program Guidelines will be presented by the
ARB staff at the Board meeting. Copies of the proposed revisions may be obtained
from the Board's Public Information Office, 2020 L Street, Sacramento, CA 95814,
(916) 322-2990, prior to the scheduled meeting. This report will also be available
electronically on ARB’s website at hitp://www.arb. v/mspr r r.htm.
Further inquiries regarding this matter should be directed to Lucina Negrete, Air
Pollution Specialist, at (916) 327-2938.

BMITTAL OF PUBLIC COMMENT

The public may present comments relating to this matter orally or in writing to the Clerk
of the Board in person, on the day of the meeting, and in writing or by e-mail before the
meeting. To be considered by the Board, written submissions must be addressed to

7



«Q

and received by the Clerk of the Board, P.O. Box 2815, Sacramento, California 95812,
no later than 12:00 noon on November 15, 2000, or received by the Clerk of the Board
at the meeting. To be considered by the Board, e-mail submissions must be addressed

to the Clerk of the Board at moyer00@listserv.arb.ca.gov, and received at the ARB no
later than 12:00 noon, November 15, 2000.

The Board encourages members of the public to bring to the attention of staff in
advance of the meeting any suggestions or comments. The Board requests, but does
not require, that 30 copies of any written statement be filed at least ten days prior to the
meeting date, so that ARB staff and Board Members have time to fully consider each
comment.

CALIFORNIA AIR RESOURCES BOARD

1

Michael P. Kenny
Executive Officer

Date: October 20, 2000
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EXECUTIVE SUMMARY

The Carl Moyer Memorial Air Quality Standards Attainment Program (the Carl Moyer
Program) is a grant program that funds the incremental cost of cleaner vehicles and
equipment. This contributes to the near-term reductions in emissions of oxides of
nitrogen (NOx), that are necessary for California to meet its clean air commitments
under the State Implementation Plan. These reductions are aiso necessary for local air
districts to meet commitments in their conformity plans, thus preventing the loss of
federal highway dollars for local areas throughout California. The program aiso reduces
particulate matter (PM) which is a component of diesel exhaust, that has been identified
by the ARB as a toxic air contaminant. Section 44275 of the Health and Safety Code
codifies the Carl Moyer Program with the Air Resources Board (ARB or the Board) and
the California Energy Commission (CEC) as the administrators.

The ARB, the CEC, and the local air districts have joined together to successfully
implement the Carl Moyer Program. Public and private fleets have also demonstrated
the desire to incorporate clean air choices if funding is available to defray some of the
cost. In the first year, demand for project funding was high (far in excess of available
funding), and the resulting emission reductions were extremely cost-effective. The
Governor and the Legislature have responded to the program’s success in 1998/1999
by making one-time budget appropriations in fiscal years 1999/2000 and 2000/2001 to
continue the program. Total program funding for the first three years is $98 million. In
the first year of the program, funded projects reduced NOx by about four tons per day
(tons/day) and PM from diesel exhaust by about 100 pounds per day (lbs/day). The
program is very cost-effective — averaging below $3,000 per ton of NOx reduced based
on district estimates for the first year projects. This compares favorably to a typical cost
for other air pollution control programs which is $10,000 per ton of NOx reduced. At this
same rate, the first three years of the program will provide near term NOx reductions of
14 tons/day. These reductions will continue for a minimum of 5 years, with some
projects continuing to provide benefits up to 20 years.

The Board initially approved the Carl Moyer Program Guidelines in February 1999. This
report contains proposed revisions that would apply to fiscal year 2000/2001 and
subsequent funding. The Guidelines would continue to provide local air districts with
requirements for administering their local programs and criteria for evaluating and
selecting reduced-emission heavy-duty engine projects. The Carl Moyer Program
would continue to facilitate emission reductions by providing districts with funds to pay
for grants for the incremental cost of cleaner heavy-duty vehicles and equipment. The
grants are issued locally by air pollution control and air quality management districts that
choose to administer a local program. Private companies or public agencies that
operate heavy-duty engines in California would continue to apply directly to the local
districts for grants.

Health and Safety Code 44287(b) requires ARB staff to consider revisions to the program
that would improve the ability of the program to achieve its goals. In addition, Section
44297 of the Health and Safety Code established a thirteen member Carl Moyer Program
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Advisory Board (Advisory Board) with the responsibility for making recommendations on
the need to continue th= program, the amount and source of continued funding, and
program modifications, :: necessary. The Advisory Board recommendations included that
the program continue at an increased funding level through 2010 and that the district match
fund requirement be capped consistent with the requirements at the $25 million funding
level. The Governor and the Legislature responded by signing SB 1300 (Sher) to allow
ARB to modify districts’ matching fund requirement. The Advisory Board aiso
recommended that a 25% PM reduction target be set for the statewide program, with a
25% local program requirement on air districts designated as non-attainment for the federal
PM standard.

The purpose of this proposed revision is to address recommendations that the Advisory
Board made to the Governor and the Legislature pertaining to PM emission reduction
requirements and goals and districts’ matching fund requirement, as well as to address
Health and Safety Code requirements pertaining to incremental fuel costs. These
guidelines also contain proposed technical modifications that were considered necessary
based on both ARB'’s and local districts’ program experience in the first year; emission
inventory adjustments based on new approved on-road and off-road models: and
experiences with current and future heavy-duty engine control technologies. These
proposed revisions to the current Carl Moyer Program Guidelines would continue to make
the program a success and ensure that future emission reductions would continue to be
real, quantifiable, cost-effective, and enforceable.

There are two parts to these proposed revisions. Part | is an overview of the program
and the major changes, along with a brief description of ARB'’s and local air district's
progress with program implementation. Part Il is the complete set of Carl Moyer
Program Guidelines, with the proposed revisions incorporated and specific details on
the proposed revisions.
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CARL MOYER PROGRAM OVERVIEW

A. Purpose of the Program

The purpose of the Carl Moyer Program is to reduce emissions and help California meet
its air quality obligations under the State Implementation Plan (SIP). Through this
program, the districts can provide grants for the extra capital cost of cleaner-than-
required vehicles and equipment that have traditionally been powered by heavy-duty
diesel engines. The program buys critical near-term emission benefits that California
needs to meet impending federal air quality deadlines. Any district can participate in the
program by applying directly to ARB. The Carl Moyer Program guidelines were
approved in February 1999 and the program is entering its second year of
implementation.

B. Initial Program

Since its inception in 1998, the Carl Moyer Program has been an overwhelming
success. In the first year of the program, ARB distributed $24.5 million in project funds
among sixteen local air districts, yet the demand for project funds was more than three
times the available amount. Forty percent of those funds were used towards alternative
fuel on-road projects, 25 percent towards marine vessel projects, 20 percent towards
agricultural irrigation pumps, 10 percent towards forklifts, and the remaining five percent
towards other diesel repowers (mostly off-road equipment). Staff estimated that
projects funded in the first year of the program would reduce NOx emissions by about 4
tons per day, and PM emissions by about 100 Ibs/day.

In June 1999, Governor Davis and the Legislature approved a one-time budget
appropriation of $23 million to fund the Carl Moyer Program for fiscal year 1999/2000,
the second year of the program. Of these funds, $19 million went to ARB to fund
engine projects, and $4 million went to the CEC to fund infrastructure and advanced
technology development. ARB has distributed over $18 million of these second year
funds to 20 local air districts. About 70 percent of those funds have already been
obligated to projects. Districts participating in the second year of the program prowded
ARB with a program |mplementat|on status report in. September 2000.

C. Continuing Program

in October 1999, Governor Davis signed AB 1571 formally establishing the framework
for the Carl Moyer Program into the Health and Safety Code, Chapter 9. In accordance
with that Health and Safety Code, section 44275, et. seq., ARB developed and
presented a report to the Governor, Legislature, and the Advisory Board on the
progress of program implementation. The Advisory Board, with the assistance of ARB,
CEC, and the local air districts, also developed its own report (The Carl Moyer Program
Advisory Board Report, March 31,2000) with recommendations to the Governor and
Legislature. The main recommendation of the Advisory Board was to continue the Carl
Moyer Program through 2010 at a funding level of $100 million peryear. As such, the
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Governor and Legislature approved a one-time appropriation of $50 million ($45 million
to ARB for engine projects and $5 million to CEC for infrastructure and advanced
technology projects) to fund the Carl Moyer Program through a third year (fiscal year
2000/2001).

At an increased funding level, the Advisory Board and ARB recognized it would be a
challenge for local districts to meet the matching fund requirement. Hence the Advisory
Board recommended to the Governor and the Legislature in its March 2000 report, that
for third year funds and beyond the districts’ matching fund requirement be capped at a
level equivalent to the first year funding level ($25 million). The Governor and the
Legislature responded by signing Senate Bill 1300 (Sher) modifying the Health and
Safety Code to allow ARB to modify districts’ matching fund requirement, if necessary to
benefit the program. The new district matching fund requirement would reflect the
Advisory Board’'s recommendations that was provided in The Carl Moyer Program
Advisory Board Report dated March 31, 2000.

D. Summary of Proposed Guideline Revisions

In order to ensure that funding criteria is consistent statewide, even though districts
have different implementation schedules, it is necessary to establish an annual revision
schedule. Furthermore, the Health and Safety Code, Chapter 9 requires ARB staff to

~ make any proposed revisions of the guidelines availabie to the public 45 days before
final approval. ARB staff is proposing a number of revisions to the Carl Moyer Program
guidelines that will affect projects funded during the third year of the program. -

ARB staff has developed proposed revisions to the guidelines as required in Health and
Safety Code, Chapter 9, and as recommended by the Advisory Board. Proposed
revisions were also developed to ensure that emission reductions remain real,
quantifiable, and enforceable based on ARB's and districts’ experiences during the first
year of the program.

Some of the major proposed revisions include recommendations for new chapters to

- consider PM emission reductions, the districts’ matching fund requirement, tentative
funding allocations for the third year, and provisions to allow the incremental cost of
alternative fuels. In addition, existing chapters were revised to incilude new cost-
effectiveness caps, new emission reduction requirements for repowers and retrofit
projects, new default emission factors; discount factors for marine vessel emissions;
and infrastructure costs for agricultural irrigation pump engines. There were also some
minor proposed modifications to correct discrepancies in the guidelines such as
omissions and typographical errors. The following sections provide a brief description
of the major proposed revisions. The details to the proposed revisions are provided in
Part Il of this document, which are the complete Carl Moyer Program Guidelines with
the proposed modifications incorporated.
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1. Districts’ Matching Fund Requirement

The total state funding for this program has been $98 million — $25 million for first year,
$23 million for the second year, and $50 million for this third year. In the first two years
of the program districts provided $1 in match funding for every $2 of Carl Moyer
Program funding. The district matching fund requirement is important because it
provides a literal “buy-in” from the districts responsible for the selection, monitoring, and
enforcement of the project. This requirement helps ensure that the most worthwhile
projects are selected. At the increased funding level in the third year, however, ARB
and the Advisory Board recognized that districts’ ability to provide increased matching
funds would be challenging. In fact, the Advisory Board recommended that the districts
- matching fund requirement be capped consistent with the requirements at the $25
million funding level. The Governor and the Legislature responded by signing SB 1300
to allow ARB to madify districts’ matching fund requirement if necessary. The new
matching fund requirement for districts participating in the third year would follow the
Advisory Board’s recommendation.

2. Tentative Funding Allocation for Fiscal Year 2000/20001 Funds

In the third year of the program, staff determined a need to slightly modify the method
for determining the district funding allocations. There are several smaller districts that
~are now designated as non-attainment, thus increasing the number of non-attainment
districts from 9 in the first year to 16. In order to continue providing sufficient funds to
the most populated districts and those with very near-term attainment deadlines, staff
proposes that funding amounts be based on large and small districts. A large district is
defined as contributing to at least one percent of the total population. A small district
contributes to less than one percent of the total population. Staff proposes to divide
future funds with 94 percent to large districts, four percent to small districts, and two
percent of the funds provided for ARB's overall program administration and support.
Table | illustrates the proposed third year funding allocation.
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Table 1
Tentative Funding Allocation

Large Districts Tentative Funding Allocation
Antelope Valley $ 450,000
Bay Area AQMD $ 4,306,133
Kern Eastern Desert $ 450,000
Mojave Desert AQMD $ 1,535,530
Monterey Bay Unified APCD $ 450,000
Sacramento Metropolitan AQMD $ 3,909,604
San Diego County APCD $ 1,850,344
San Joaquin Valley APCD $ 7,644,979
Santa Barbara County APCD $ 450,000
South Coast AQMD $19,745,849
Ventura County APCD $ 1,543,561
Subtotal $42,336,000
Small districts (total) $ 1,764,000
ARB 2% administration $ 900,000
TOTAL $45,000,000

3. PM Emissions Reduction Requirements and Goals

- The Carl Moyer Program was designed to help California produce NOx emission
reductions to meet 1994 SIP requirements. Although, the focus of the program was to
reduce NOx emissions, the Advisory Board, ARB, and local air districts recognize that
PM reductions are needed throughout California because the fine particulate matter of
diesel exhaust has been identified as a toxic air contaminant and is a serious public
health concern. In its report, the Advisory Board suggested to the Governor and the
Legislature that the Carl Moyer Program should encourage further PM reductions.
Many of the technologies already funded under the program, such as electric motors
and alternative-fueled engines, also reduce PM. However, the Advisory Board
concluded that further PM reductions should be encouraged. The Advisory Board’s
recommendations were that the Carl Moyer Program have a goal to reduce PM
emissions from funded projects by 25 percent statewide, except for areas that are
designated as non-attainment for the federal PM standard. Those areas designated as
serious non-attainment for the federal PM standard are required to reduce PM
emissions by 25 percent on a program basis (not a project-by-project basis). Currently,
San Joaquin Valley Air Poliution Control District (SJVAPCD) and South Coast Air
Quality Management District (SCAQMD) are the only two districts affected by this
proposed requirement.

ARB staff proposes to incorporate the Advisory Board PM recommendations and
proposes that PM emissions will be calculated similar to NOx emission reductions.



39

Emission factors are used to calculate PM reductions from the program and are based
on the adopted ARB emission inventory models, EMFAC2000 and OFFROAD.

As part of ARB’s oversight of the program, ARB staff will determine overall statewide
and district compliance with the PM reduction goals and requirements. [f the program
falls short, ARB staff will propose modifications to the program to achieve the necessary
requirements. Specific details pertaining to PM are provided in Chapter IX of this
document. Chapter IX contains specific details pertaining to calculating PM reductions.

4. Incremental Fue! Cost

The Carl Moyer Program.as established pays the incremental capital cost of vehicles
and equipment that are cleaner than required. Funding of incremental fuel costs is not
currently allowed under the program. However, cleaner aiternative fuels and alternative
diesel fuels (e.g. diesel-water emulsions) are available that can reduce NOx and PM
emissions. Some non-attainment districts have stated that they need the near-term
reductions that those fuels can provide, and would like district funding that is used for
incremental fuel costs to count as match funding. Hence, ARB staff is currently
deveioping test procedures to evaluate the emission benefits of alternative diesel fuels.
ARB would allow, as a district option, funding for incremental fuel cost for alternative
fuels and alternative diese! fuels on a case-by-case basis.

AB 2061 (Lowenthal) was signed by the Governor and the Legislature appropriating
$500,000 in funding to be used for alternative diesel fuels. These funds would be
distributed to projects based on the criteria set in the Carl Moyer Program Guidelines.

5. Cost-Effectiveness Requirement

The program's cost-effectiveness limit of $12,000 per ton of NOx reduced was approved
in the first year of the program, three years ago. Section 44283 of the Health and
Safety Code authorizes the Board to adjust the cost-effectiveness limit to reflect the
current inflation and cost of living adjustments. The cost of living in California increases
annually according to the Consumer Product Index (CPI). ARB staff has adjusted the
cost-effectiveness limits for the years 1998 through 2000 according to the CPI for those
years. Based on this information ARB staff proposes to increase the cost effectiveness
limit to account for cost of living increases that occurred over the past three years. The
new cost-effectiveness limit would be $13,000 per ton of NOx reduced.

6. Dual-Fuel Engines Used in Low Load/High ldle Applications

Dual-fuel engines are available that are certified to reduce NOx to sixty-two percent of
the required NOx standards. One set of in-use test data shows that while these engines
deliver full emission benefits in many applications, the emission benefits are less for
engines operated on a low-speed, stop-and-go chassis cycle (the Central Business
District cycle). One indication of this is the percentage of alternative fuel consumed by
a vehicle during operation. This fuel substitution rate has been high (approximately



40

80%) during certification, but may be significantly lower in stop-and-go applications.
ARB staff has been working closely with a dual fuel engine manufacturer to collect
additional information and more accurately determine the emission benefits in
neighborhood refuse collection. Staff proposes that prior to any dual-fuel project being
funded for a stop-and-go application, the manufacturer must provide the Executive
Officer with sufficient in-use documentation to demonstrate that the fuel substitution rate
is appropriate to yield the certified benefits.

7. Updated Emission Factors

ARB staff revised NOx emission factors to reflect the recently adopted EMFAC2000
emission model (May 2000), which accounts for the settlement agreement between
ARB and the diesel engine manufacturers (regarding excess NOx emissions from the
use of alternative injection timing strategies). These new emission factors for heavy-
duty on-road vehicles are based on the model year and gross vehicle weight rating
(GVWR). These emission factors are listed in Chapter Il of the Carl Moyer Program
Guidelines.

ARB staff also revised the emission factors for off-road and agricultural irrigation pump
engines to reflect portions of the new OFFROAD model approved as of

January 2000 that incorporates the most recent regulations for off-road diesel engines
adopted by both the U.S. Environmental Protection Agency (USEPA) and ARB. These
emission factors are listed in the Guidelines Chapter lll and VI, respectively. Where on-
road engines are specified in the design for the base or new engine (such as yard
hostlers), the on-road emission factors would be used for off-road equipment

8. NOx Emission Reduction Requirement

The Carl Moyer Program Guidelines that were approved in February 1999 set a 25 to
30 percent emission reduction requirement for any retrofit or repower project funded
under the program. This requirement, along with the new proposed emission factors,
would prevent funding some cost-effective diesel-to-diesel repower projects and retrofit
projects. In the first two years of the Carl Moyer Program, agricultural irrigation pump
engine repowers were very popular and funding these types of projects provided
California with significant emission reductions. Using the revised emission factors to
calculate emission reductions from diesel-to-diesel repowers for 1998 through 1996
model year engines would result in reductions below the 30 percent requirement
established in the first and second year of the program.

Section 44282 of the Health and Safety Code authorizes the Board to revise the
minimum NOXx emission reduction requirement for retrofit and repower equipment, when
necessary in order for the program to achieve its air quality goals. In order to continue
funding projects that produce significant emission reductions, the NOx emission
reduction requirement for retrofit and repower projects funded in the third year and
beyond would be 15 percent.
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9. Repower Funding Caps

Based on implementation experience during the first two years of the program, ARB
staff believes that the funding caps for repower projects may prohibit large off-road and
agricultural irrigation pump engine projects from being funded. Emission reductions
from the replacement of these engines are significant and can benefit the program in
meeting its air quality goals. In order to encourage the participation of large off-road
and agricultural irrigation pump engine projects, funding caps for off-road projects would
be removed and funding for these projects would be based on the cost-effectiveness
requirement.

10. Emission Calculations to Account for Activity Level ’
Increase/Decrease

In general, the emission reduction benefit of a project can be calculated based on the
annual fuel consumed, annual miles traveled, or annual hours operated and should
reflect the individual characteristics, such as horsepower, brake specific fuel
‘consumption, and load of both the replacement and current engine. If the annual fuel
consumption is used, an energy consumption factor should be calculated (based on the
brake specific fuel consumption of each engine) and the activity level should be based
on actual annual fuel receipts or other documentation. Hence, when the annual mileage
or hours of operation is the basis for determining the emission reductions, the activity
ievel would be based on the vehicle odometer or hour meter, respectively. The details
for calculating emissions are presented in each Chapter, for each project category.

11.  Diesel Hybrids

A promising new heavy-duty technology being demonstrated is a hybrid electric engine
system. Manufacturers of this technology are currently focusing on the transit bus
market, but this technology could also provide emission reductions in other applications.
Hybrid buses utilize an electric drive typically with an internal combustion engine (diesel
or alternative-fuel) and a traction battery. Recent test data indicates that prototype
diesel hybrid transit buses with a particulate filter and low sulfur diesel fuel can achieve
PM emission levels nearly comparable to a current natural gas transit bus. The testing
also shows this diesel hybrid technology produces less NOx reduction benefits than
natural gas engines. Still, diesel hybrids are an improvement over current diesel
engines in terms of emissions and efficiency. With further optimization, hybrid
technology (both diesel and alternative-fuel) has the potential to significantly reduce
both NOx and PM.

Current California and federal certification test procedures are based on non-hybrid
engine duty-cycles and therefore are not able to adequately represent the emissions
benefits of the hybrid technology. An effort is currently underway with the Northeast
Advanced Vehicle Consortium, ARB, USEPA, and the engine and hybrid manufacturers
to improve the certification test. Most of the effort, however, is focused on developing a
“quick-fix" certification procedure. This process is not likely to provide a quantitative
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means of validating the in-use emissions benefits of the hybrid systems. Although
diesel hybrid buses are not currently funded under the Carl Moyer Program, it is
proposed that diesel hybrid vehicle projects would be approved on a case-by-case basis
only, at an emission level deemed appropriate by ARB. Staff is proposing to determine
the emissions benefits for buses based on the chassis Central Business District Cycle.

12.  Auxiliary Power Units for Reducing ldling Emissions From Heavy-
Duty Vehicles

It is common practice for truck operators to idle their truck engines for an extended
length of time when the vehicles are parked. This keeps the engines and fuel warm,
and provides heating and cooling for the truck cabs. This practice increases the amount
of fuel used and emissions. An auxiliary power unit could be installed on a truck to
significantly reduce the amount of idling time the truck would normally be subject to.
This would result in fuel savings and emission reduction benefits. However, relatively
high initial costs of the auxiliary power units have prevented this and similar
technologies from being more widely utilized. Hence, it is proposed that a new project
category be included into the Carl Moyer Program, to allow Carl Moyer Program funds
to pay for the installation costs of auxiliary power units, up to $1,500 per unit installed.
Chapter X includes proposed project criteria for funding these projects to ensure real
emission benefits would be realized in a most cost-effective manner.

13. Discount Factors for Marine Vessels

‘The current guidelines establish a need to apply a discount on emissions from marine
vessel engines based on the degree of uncertainty regarding the amount of offshore
emissions that actually reach the mainland. The discount would be established based
on the results of the Southern California Ozone Study (the Tracer Dispersion Study) that
was conducted by ARB to determine offshore emission impacts. This study was
completed in the early summer 2000, and results indicate that the emission reductions
from marine vessels would reduce ozone, PM, and toxic emissions that indeed reach
the mainland. However, there is still uncertainty on the amount of emissions that
actually reach the shore.

Each district establishes an emission inventory boundary that is used for determining
the pollutant sources, as well as the amount of emissions within a district. For districts
located along the California Coast, that boundary may extend to the coastal water
boundary, or at distances closer to the shoreline. Since districts have established
inventory boundaries for claiming the amount of emissions within a district, that
boundary will also be used to determine the range of offshore emissions that would be
included in the emission benefits calculated for marine vessel projects. If a local district
has not established an emission inventory boundary, ARB staff has set a default value
of 10 miles off shore.
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14. Electric Motors for Agricultural Irrigation Pumps

The current program is designed to provide funding for the increase in capital cost
between two engines (i.e. diesel engine versus electric motor). Electric motors for

“agricultural irrigation pumps, however, cost less than diesel engines and therefore do
not qualify for incentive funding.

The emission benefits associated with replacing engines with electric motors are
significant. ARB evaluated two methods for providing the agricultural communities with
incentives to convert to electric motors: funding to cover standby electric charges or
funding to install the power line and peripheral equipment necessary for an electric
pump. Current data provided by several utility companies indicate that the operating
costs, which include standby (or demand) charges, vary based on electrical demand at
each site, the type of irrigation system, and time of use (e.g., summer vs. winter, peak
vs. off-peak), etc. Furthermore, standby charges may disappear in the near future,
since at least one major utility has proposed to eliminate standby charges and reduce
rates for select agricultural customers. For these reasons, ARB staff does not propose
that additional funding be utilized to cover individual standby charge costs.

However, the cost of an electric motor plus the cost to set up a power line and connect
necessary peripheral equipment to the motor are comparable to the installed cost of a
new off-road emission-certified diesel engine. Hence, ARB staff proposes to allow the
use of Carl Moyer Program project funds for the incremental cost to install the power
line plus peripheral equipment. ARB staff also proposes to allow districts to fund the
cost for extending power lines, provided that those funds come from the district and

would count as matching funds. Any funds provided for a project must meet the cost-
effectiveness criteria.

15. Expand Forklift Program

For the first two years of the Carl Moyer Program, funding for electric forklifts has been
provided via a demonstration project in the SCAQMD. Under this demonstration
program, SCAQMD staff was successful at incentivizing electric forklift projects that may
not have occurred without funding. In addition, the SCAQMD staff determined that it
was appropriate to set a cost-effectiveness criterion of $3000 per ton of NOx reduced
for forklift projects. ARB staff proposes to expand the forklift demonstration program A
statewide, including these forklifts (forklifts between 3,000 and 6,000 pound lift capacity)
under the general program. However, these forklifts would continue to have separate
project criteria, including a $3,000 cap on the cost-effectiveness criteria.

16. October 2002 Diesel-to-Diesel Repowers
Under the current Carl Moyer Program replacing early 90s electronically controlied

engines with similar engines manufactured in the late 90s (electronic-to-electronic
repowers) was not allowed. Electronically controlied engines manufactured inthe late
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90s are equipped with advanced computer controls that have alternative strategies for
fuel management. When these engines operate outside of the certification test
procedure, the alternative strategies allow the engines to produce excess NOx
emissions above the certified standard. This practice is commonly referred to as “off-
cycle NOx emissions™. A settlement agreement was reached between the engine
manufacturers, ARB, and the United States Environmental Protection Agency requiring
that many of the engine manufacturers introduce new engines with significantly lower
NOx emissions beginning in October 2002. Repowering older electronically controlled
trucks with these October 2002 engines can significantly reduce emissions. Hence
ARB proposes to allow October 2002 repowers under the Carl Moyer Program.

A few districts have also expressed an interest in allowing mechanical-to-electronic
engine repowers for heavy-duty on-road vehicles (replacing pre-1987 mode! year
engines with a 2002 model! year engine). Although this strategy may provide very near-
term emission reductions, the fuel and electrical systems are completely different posing
some technical and cost-effectiveness challenges. However, staff understands that
some districts may wish to fund mechanical-to-electronic engine repowers as a means
of achieving immediate emission reductions in order to meet very-near term SIP
commitments. Funding would be allowed only on a case-by-case basis. ARB, in
cooperation with the local air district, would evaluate the project and determine if the
benefits are adequate to merit funding under the Carl Moyer Program. Specific details
for on-road heavy-duty engine repowers are presented in Chapter Il of this document.

17. Incentives to Replace Pre-1987 Heavy-Duty Vehicles

The Advisory Board recommended that ARB staff consider including a program to
provide incentives to replace pre-1987 heavy-duty diesel vehicles with newer model
year vehicles. In the past, a heavy-duty engine retirement program was considered by
ARB. However, the analysis indicated that the older, high emitting trucks removed from
the fleet were not likely to be replaced with cleaner vehicles, but rather with trucks of
similar age from outside the area, providing little or no emission benefit. Also, the
prospects fora self-funded program dimmed when the anticipated overseas market for
old California trucks did not materialize. Therefore with the lack of expected emissions
benefit and funding, the heavy-duty engine retirement program was never implemented.
Many of those same issues are still of concern with the incentive program. ARB staff
has conducted a preliminary analysis of the issues and the potential emission benefits
of an incentive program and concluded not to incorporate incentives for this program at
this time. Appendix A contains staff's analysis of this program.

18. Project Life for All Project Categories

Based on ARB’s experience with program implementation during the first year, ARB
staff provided a specific project life for new purchase versus a repower project to be
applied when determining emission benefits and project cost-effectiveness. The project
life would be based on the remaining amount of useful life for the older engine. For
example, an engine used in a newly purchased heavy-duty line-haul truck has a useful

10
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life of about 10 years; hence the selected project life should be 10 years. For a repower
project, however, the remaining useful life would be less than 10 years in most cases.
Table 2 below lists the acceptable project life for each project category. The project life
is also listed in each chapter under the project criteria.

Table 2
Acceptable Project Life -
Repowers New Purchase
Project Type (life) (life)
ON-ROAD*
School Buses (=33,000 GVWR) N/A 20 years
Buses (> 33,000 GVWR) N/A 12 years
Other 7 years 10 years
 OFF-ROAD 7 years 10 years
LOCOMOTIVES 20 years 20 years
FORKLIFTS N/A 5 years
| GSE _ N/A 5 years
AGRICULTURAL IRRIGATION PUMPS 7 years 10 years
MARINE VESSELS
FISHING/OTHER SMALL VESSELS 10 years 10 years
FERRIES/TUGS/LARGE VESSELS 20 years 20 years

Note: a. For on-road, project iife may be based on years or the equivalent mileage.

For some project categories ARB staff proposes to allow the applicant the option of
using a different project life. However, the selected project life must be approved by

ARB and the applicant must provide ARB with sufficient documentation supporting the
project life selected.

E. Issues

. Support for the Carl Moyer Program has been very strong, with the general recognition
that the program has been extremely successful and a continued program is needed to
meet California’s clean air commitments. However, there have been a number of
issues raised, which is not surprising given the magnitude of the program and the
number of project categories included. This section describes the issues considered
during the development of the proposed revisions to the Carl Moyer Program
Guidelines. A number of these issues have been resolved, but a few remain
controversial.

11



“40

1. Emission Factors Affect Project Funding for Neighborhood Refuse
Haulers

The proposed NOx emission rate for a refuse hauler used in stop and go applications,
which is defined as a vehicle traveling less than twenty percent of its time above 45
miles per hour, is 4.4 g/bhp-hr. This level represents minimal off-cycle emissions
compared to other heavy-duty vehicles. This lower emission factor affects the project
cost-effectiveness and thus some refuse hauler projects may only qualify for partial
Incremental costs. For refuse haulers who may not meet this neighborhood stop and go
application definition and potentially emit off-cycle emissions, ARB would aliow
applicants to provide drive cycle documentation (such as route and associated speeds)
to justify a baseline emission factor that best represents emissions.

2. Dual Fuel Engines Used in Neighborhood Refuse Haulers May
Receive Less Funding

A discount on emission benefits may be necessary for neighborhood refuse haulers
using dual fuel engines. Test data shows that while these engines deliver full emission
benefits in many applications, the emission benefits are less for engines operated on a
low-speed, stop-and-go chassis cycle. Applying a discount on emission benefits would
ensure emission benefits are more accurately quantified, while possibly limiting the
amount of funds provided to these projects under the program. Staff proposes that prior
to funding any dual-fuel project used in a stop-and-go application, the manufacturer
must provide the Executive Officer with sufficient in-use documentation to demonstrate
that the fuel substitution rate is appropriate to yield the certified benefits.

F. Staff Recommendations

The approved guidelines are the requirements for the Carl Moyer Program. The
guidelines establish the basic structure of the program, and the requirements for
districts that will be implementing the program locally. The proposed revisions to the
guidelines are designed to ensure that the program (for funds distributed in the third
year and beyond) continues to achieve real, quantifiable, and enforceable, cost-effective
emission reductions. The proposed revisions also include a tentative allocation of third
year funds. The allocation will be finalized after districts submit their applications (with
requests for funding and commitments to provide matching funds.)

Staff recommends that the Board:
e Approve the new PM requirements, goals, and baselines;

» Approve districts’ new matching fund requirement as recommended by the Advisory
Board in March 2000 report;

e Approve the tentative funding allocation;

12
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Approve funds to be provided for incremental fuel costs and diesel hybrids on a
case-by-case basis;

Grant the Executive Officer the authority to review actual emission benefits from dual
fuel engines used in low load/high idle applications and apply a discount on emission
benefits if necessary; :

Approve the revised criteria for on-road, off-road, locomotives, marine vessels,
agricultural irrigation pump engines, forklifts, and airport GSE;

Approve the new emission factors, NOx emission reduction requirement, cost-
effectiveness limit, and project life; and

Continue to support efforts to identify additional funding for the program.

13
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CHAPTERI.
PROGRAM REQUIREMENTS

This chapter presents the requirements for districts that wish to administer the Carl
Moyer Program locally and issue grants to project applicants, along with minor
proposed edits. This chapter also lists milestones/due dates for districts implementing
the program. The chapter concludes with staff's proposed allocation and disbursement
of funding to the districts that apply for funding.

A. Introduction

The Carl Moyer Program will be implemented locally by air pollution control and air
quality management districts that choose to participate. Districts must follow the
program requirements in this chapter, and must fund projects that meet the criteria in
subsequent chapters of these guideiines. The three major program requirements are:
1) the district must provide match funding to receive Carl Moyer Program funding, 2) all
projects approved for funding must follow the Carl Moyer Program Guidelines, and 3) all
projects funded must meet the cost-effectiveness criterion.

With the exception of some funding designated for ARB administration, all Carl Moyer
Program funds will be allocated to participating districts. Districts must apply for funding
to administer the program locally. The application form is given in Appendix B.

B. Match Fund Requirements

The total state funding for this program has been $98 million — $25 million for first year,
$24 million for the second year, and $50 million for the third year. In the first two years
of the program districts provided $1 in match funding for every $2 of Carl Moyer
Program funding. The district matching fund requirement is important because it
provides a literal “buy-in" from the districts responsible for the selection, monitoring, and
enforcement of the project. This requirement will help ensure that the most worthwhile
projects are selected.

At the increased funding level in the third year ($50 million) ARB and the Advisory
Board recognized that the districts’ ability to provide increased matching funds would be
a challenge. In fact the Advisory Board recommended to the Governor and the
Legislature that the district matching fund requirement be modified to reflect those
required at the $25 million funding level. The Governor and the Legislature responded
by signing SB 1300 allowing ARB to modify districts’ matching fund requirement.

The new matching fund requirement would be capped at $12 million, following the
Advisory Board's recommendation as described in the Carl Moyer Program Advisory
Report dated March 31, 2000. If the level of annual funding for the statewide program is
$25 million or less, district matching funds would remain $1 dollar in matching funds for
every $2 doliars of Carl Moyer Program Funds received from the ARB. If the annual
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funding level for the statewide program is greater than $25 million, total matching funds
received for the ~verall program would be $12 million. The formula provided below
would be used - determine each district’s required matching funds.

district’s annual allocation * $12.000,000
(current annual funding level - ARB’ administration funds)

The following example is provided to explain how a district's matching funds would be
calculated.

EXAMPLE: In the first year the funding level for the program was $25 million
($24,500,00 for projects and $500,000 for ARB administration) and District X received
$11 million. Since the funding level for the program was not more than $25 million,
required matching funds would be calculated based on a 2:1 ratio. The required
matching funds were:

$11,000,000/ 2 = $5,500,000 1% year

In the second year the funding level for the program administered by ARB decreased to
$19 million ($18,620,000 for projects and $380,000 for ARB administration) and

District X received $8,360,000. Since the funding level for the program was not more
than $25 million, required matching funds would still be calculated using the 2:1 ratio.
District X’s required matching funds were:

$8,360,000 / 2 = $4,180,000 2" year

In the third year the funding level for the program administered by ARB increased to
$45 million ($44,100,000 for projects and $900,000 for ARB administration) and
District X is receiving $19 million. Since the funding level for the program is greater
than $25 million, required matching funds would be calculated based on the formula
listed above. Required matching funds for District X wouid be:

($19,000,000 * $12,000,000)/($45,000,000 - $900,000) = $5,170,068 3™ year

Many districts receive funds from a surcharge on motor vehicle registration fees (a.k.a.
AB 2766, AB 434, and AB 4355 funds). Most districts will be using the funds from their
motor vehicle fees as match funding for the Carl Moyer Program. In fact, several
districts aiready have active programs to fund grants for lower-emission on-road and off-
road motor vehicle projects with the motor vehicle fee money.. The Carl Moyer Program
funding will augment their programs.

There are some notable differences between district motor vehicle fee funding and the
proposed Carl Moyer Program funding: motor vehicle fee funding can be used for
refueling infrastructure — the Carl Moyer Program funding cannot. Motor vehicle fee
funds cannot be used for marine, locomotive, stationary agricultural irrigation pump, or
some off-road projects, while the Carl Moyer Program funds can. These differences
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made designing the program more challenging. The program allows both sources of
funding to be used despite the funding restrictions.

1. Infrastructure Funding

Currently refueling infrastructure can be funded through the Advanced Technology
Development and Infrastructure funds administered through the California Energy
Commission. In the second and third years of the Carl Moyer Program the Governor
and the Legislature allocated a total of $9 million dollars to fund these portions of the
program. Furthermore, any district funds (other then those granted from the California
Energy Commission) used to fund refueling infrastructure may count toward the
district's required matching funds.

2. Match Funding On An Overall Program Basis

Motor vehicle fee funds must be used for projects that reduce emissions from motor
vehicles. Table I-1, below, gives a partial list of motor vehicles and non-motor vehicles.
Motor vehicie fee funds cannot be used for locomotives, marine vessels, or stationary
agricultural irrigation pump engines.

Carl Moyer Program funds, on the other hand, could be used for on-road vehicles,
marine, locomotive, stationary agricultural irrigation pump, off-road, and other approved
projects. Districts would be allowed to meet their matching fund requirement on an
overall program basis, rather than a project-by-project basis. This will allow districts to
meet their matching fund requirement by funding motor vehicle projects, and allow
districts to use Carl Moyer Program funds for other project categories. The result will be
increased flexibility for districts to fund worthwhile clean air projects.

For example, suppose a district is allocated $300,000 in Carl Moyer Program funds.
The district spends $150,000 of motor vehicle fee funds (and no Carl Moyer Program
~ funds) for a qualified LNG truck project. The district has met their matching fund
requirement, @nd can spend the $300,000 in Carl Moyer Program funds to repower
tugboats (or any other qualifying projects).
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Table 11
Motor Vehicles vs. Non-Motor Vehicles
Motor Vehicles Non-Motor Vehicles
Automobiles Locomotives
Trucks Aircraft
Buses Lawn mowers (non-riding)
Vans Leaf blowers
Road graders Refrigeration units
Earth movers Chain saws
Tractors | Auxiliary generators
Golf carts Welding machines
Motorcycles Pleasure craft
Self-propelled Cranes
harvesters
Forklifts Marine vessels
Sweepers Stationary agricultural
engines

Motorized Bicycles Bicycles

3. Tracking Match Funds

If a district is only going to fund motor vehicle projects, the tracking is simple. In the first
two years of the program, for every project the district put up $1 in funding for every $2
of Carl Moyer Program funding (a project-by-project match). For third year funding,
however, the Governor and the Legislature signed SB1300 (Sher) which allows ARB to
modify districts’ matching fund requirement if necessary. The new matching fund
requirement would be capped at $12 million for all districts collectively, following the
Advisory Board's recommendations provided in its March 2000 report to the Governor
and the Legislature. Districts can fund non-motor vehicle projects even if the only
matching funds they have available are motor vehicle fee funds. If that is the case,
however, districts must meet the matching fund commitment before they fund a
locomotive, marine vessel, or stationary agricultural irrigation pump project.

4. District In-kind Contributions

Districts may use up to 15 percent in-kind contributions (i.e., administrative costs) as
matching funds. ARB also believes that it is appropriate for a district to use AB2766
funds as administrative costs to administer the Carl Moyer Program and count as up to
15 percent of a district’s required matching funds to implement a local program.
Furthermore, a district may fund stationary agricultural irrigation pumps, locomotive, or
marine vessel engine projects with Carl Moyer Program project funds, provided that
AB2766 funds are used for AB2766 qualifying projects (i.e. on-road heavy-duty
vehicles, etc.) that are also Carl Moyer Program qualifying projects. However, under
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the Health and Safety code Section 44233, districts may not use more than five percent
of their AB2766 funds for overall administrative costs.

5. Matching Funds From Other Sources

Port authorities may provide match funding for port projects. The original legisiative
language for the program (which was. vetoed) would have allowed ports to administer
programs at the ports for marine vessel projects. However, because the program must
be implemented quickly, and because districts have experience implementing this type
of program, districts administer the local programs.

Staff believes it is important to have port authorities participate in the program. Port
authorities could participate through projects involving their own equipment, or by
soliciting port tenants to apply for project funding. To encourage port authority
participation, under the current approved program port authorities are allowed to put up
match funding for port projects, in lieu of districts. Thus, funding provided by a port
authority for a qualifying project, or for associated infrastructure, would count toward the
district’'s matching fund requirement.

Private companies may not provide match funding in lieu of the districts. Staff believes
it is appropriate for districts to provide the required matching funds. The requirement
that districts provide the matching funds facilitates an equitable distribution of funds, in
that it prevents companies with “deep pockets” from tying up the majority of the funds.
This requirement also helps ensure that districts carefully evaluate the projects they
approve for funding.

C. Cost-Eﬁectiveness

Carl Moyer Program funding plus district match funding may be used for the incremental
cost of a project, up to $13,000 per ton of NOx reduced. Only Carl Moyer Program
funding, funding under the district's budget authority, or funding provided by a port

. authority (to meet the matching fund commitment) is included in the cost-effectiveness
calculation. Private funding is not included in the cost-effectiveness calculation. Thus,
a project that costs more than $13,000.per ton of NOx reduced could be funded, but
only if outside funding is used to “buy down” the incremental cost. Funding for
infrastructure is not included in the cost-effectiveness calculation. For more detail on
what is included in the cost-effectiveness calculation, see the application form in
Appendix B. :

D.  Project Selection

Districts may fund only those projects that comply with the Carl Moyer Program
Guidelines, or those projects approved on a case-by-case basis by ARB’s Executive
Officer. Districts may select which of the qualifying projects to fund based on local
priorities. To expedite program implementation, districts may elect to fund qualifying
projects on a first come, first served basis. Districts may elect to fund a mix of vehicle,
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equipment, marine, and locomotive projects. When selecting among competing
projects, districts are encouraged to give priority to projects that yield reductions in
particulate matter (PM) emissions, as well as the required reductions in NOx emissions.
Districts are also encouraged to give priority to the most cost-effective projects.

E. Projects Outside the Scope of the Carl Moyer Program

The Carl Moyer Program is not intended to fund engine research and development,
certification testing, operation and maintenance or other “life-cycle” costs, or the cost of
operational controls.

F. Monitoring

Districts must monitor the projects they fund to ensure that the expected emission
reductions occur. ARB expects that districts would include provisions in their contracts
with project applicants requiring the repayment of funds in the event the applicant does
not carry out the project as agreed.

G. Reporting

Districts must submit an annual report on the projects funded under this program, so
that ARB can track both the NOx and PM emission benefits of the program. In addition,
ARB tracks the district's progress in implementing the program.

By late September of each year, districts must submit a report on their implementation
efforts. This implementation report includes: 1) an overview of the application and
allocation process; 2) draft project applications, mailout date(s), targeted types of
recipients, the number of recipients of each type on the program mailing list (e.g., 23

~ trucking firms, 14 warehouse distribution centers, 27 farms; 3) names of staff
responsible for program implementation; and 4) report on outreach activities (completed
. and planned).

Districts must report to the ARB annually, by the end of the fiscal year on the Carl
Moyer Program. The report must include: 1) a description of projects funded, 2)
baseline and incremental project costs, 3) infrastructure funding for qualified vehicle or
equipment projects, 4) total state funding obligated under contract, and 5) total district
match funding obligated.

ARB has developed a program that is currently used by districts to report on motor
vehicle registration fee projects. ARB modified that program to include Carl Moyer
Program projects as well.

H. Timetable With District Milestones

Based on program implementation in the first year, ARB and local district staff found
that it is necessary for the program to maintain a consistent schedule. A schedule
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provides program continuity with milestones for district reporting, initial funding
disbursements, and annual guideline revisions. Most importantly, maintaining a
schedule allows districts to operate their iocal programs using consistent guidelines
statewide. Since the program is a multi year program, the revised schedule listed below
would eliminate any reference to the calendar year. ' '

October — 1% week Release of the draft revisions to the Carl Moyer
Program Guidelines.

November — 3™ week ARB hearing to consider approval of guidelines.
January — 3" week District/port authority épplicaﬁons to administer

‘ program due.
February ARB review of applications to administer program.
March — June ARB award of grants.
September 30 District report on implementation effdrts due.
June 30 One-year district program report on broject status

due. Districts must report funds that are obligated
under contract. Funds that are not obligated may be
reallocated to other districts.

June 15 Second-year deadline for districts to have distributed
program funds (purchase order issued).

July 31 Second-year district final report on program due.

I. Funding Allocation

In the first three years the Governor and the Legislature appropriated $98 million to fund
the Carl Moyer Program. In the first year, fiscal year 1998/1999, the Governor and the
Legislature made a one-time appropriation of $25 million to ARB to fund engine
projects. In fiscal year 1999/2000 the program was expanded, the Governor and the
Legislature made a second one-time appropriation — $23 million ($19 million to ARB for
engine projects and $5 million to CEC for infrastructure and advanced technology). In
fiscal year 2000/2001, the Governor and the Legislature made a third one-time
appropriation — $50 million ($45 million to ARB for engine projects, and $5 million to
CEC for infrastructure and advanced technology).

In the first two years of the program (Phase | funding cycle and Phase |l funding cycle),
ARB divided project funds into the following two pots: 1) funds for districts designated
as non-attainment with the federal ozone standard; 2) funds for districts in attainment .
with the federal ozone standard. During these two funding cycles, the amount of funds
distributed to each non-attainment district were determined based on a 50/50 weighting
of the district population and the benefits of SIP measure M4 in the district’s attainment
year. For the attainment districts, the amount of funds were determined based on
population. ' '
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In the third year of the program (Phase Il funding cycle), staff has determined a need to
slightly modify the method for determining district funding allocations. There are several
smailer districts that are now designated as non-attainment, thus increasing the number
of non-attainment districts from 9 in the first year to 16 in Phase Ill. In order to continue
providing sufficient funds to the most populated districts and those with very near-term
attainment deadlines, funds would still be divided into three smaller pots. However,
these amounts would be based on large and small districts. A large district is defined
as contributing to at least one percent of the total population or has a measure M4
commitment under the 1994 SIP. A small district contributes to less than one percent of
the total population. ARB would allocate project funds into the following two funding
pots: 1) 94 percent to large districts (districts with >1% of total population or M4
commitment); and 2) Four percent to small districts (districts with <1% of total
population).

The proposed allocation for third year funds is shown in Table I-2. Districts may request
more than the funding shown. In fact, districts are encouraged to request the maximum
funding for which they can commit the required match funds. ARB expects that the total
funding requested will exceed the funding available, although it is possible that some
districts may request less than their tentative allotment.

ARB will determine the final funding allocation among districts. All funds will be
. allocated. If any district requests less than their tentative allotment, the remaining funds
will be allocated among the districts that requested more than their tentative aliotment.

Table [-2
Funding Allocation

Large Districts Tentative Funding Allocation
Antelope Valley ‘ $ 450,000
Bay Area AQMD $ 4,306,133
Kern Eastern Desert $ 450,000
Mojave Desert AQMD $ 1,535,530
Monterey Bay Unified APCD $ 450,000
Sacramento Metropolitan AQMD $ 3,909,604
San Diego County APCD $ 1,850,344
San Joaquin Valley APCD $ 7,644,979
Santa Barbara County APCD $ 450,000
South Coast AQMD $19,745,849
Ventura County APCD $ 1,543,561
Subtotal $42,336,000
Small districts (total) $ 1,764,000
ARB 2% administration $ 900,000
TOTAL $45,000,000
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J. Disbursement of Funds

ARB determines the district grant award allocations and issues checks to districts for
the initial disbursements. The initial disbursement is 10 percent of the district's
allocation, or $100,000 — whichever is greater.

The remaining funds are disbursed on an as needed basis. When a district has
contracts in place for the initial disbursement plus the required matching funds, the
district requests a second disbursement from ARB for an additional 10 percent or what
iIs needed. ARB disburses more than 10 percent of the allocation at a time when a
district demonstrates the need based on additional contracts where project funding is
imminent. Estimated turnaround time for issuance of checks is three to four weeks from
the date ARB receives the request.

.K. Reallocation of Funds

ARB encourages districts to implement the program quickly, and to have all the funds
obligated via contract within one year. Districts must submit a report on project status
by June 30. The report should list projects, state funds spent to date, additional funds
. obligated via contract, any contracts being negotiated, and remaining state funds that
have not yet been obligated.

Any funds not obligated under contract after one year may be reallocated to other
districts. Should ARB decide not to reallocate ali remaining funds at that time, ARB
reserves the right to require periodic progress reports, and to reallocate funding at any
time after June 30, if funds are still not obligated under contract.



62



63

CHAPTERIL

ON-ROAD VEHICLES

This chapter presents the project criteria for.on-road heavy-duty vehicles under the Carl
Moyer Program, along with staff's proposed edits. It also contains a brief overview of
the heavy-duty vehicle industry, NOx emission inventory, current emission standards,
available control technology, potential projects eligible for funding, and emission
reduction and cost-effectiveness calculation methodologies.

A. Introduction

Vehicles greater than 14,000 pounds gross vehicle weight rating (GVWR) are
considered heavy-duty vehicles. Heavy-duty vehicles can be categorized as heavy
heavy-duty (HHD) and medium heavy-duty (MHD) vehicles. Heavy heavy-duty vehicles
are those greater than 33,000 pounds GVWR and are grouped under a “class 8” truck
classification. Medium heavy-duty vehicles are those greater than 14,000 but less than
or equal to 33,000 pounds GVWR and comprised of classes 4 through 7 trucks. The
majority of all heavy-duty vehicles are powered by diesel engines.

The preference for diesel engines gives rise to an air quality challenge since emissions
from diesel engines have not been able to be controlled to the same extent as gasoline
vehicles, particularly light- and medium-duty vehicles. Furthermore, heavy-duty diesel
vehicles involved in goods movement applications typically accrue higher annual
mileage than other vehicles. Consequently, the share of emissions, particularly of NOx
and PM, from heavy-duty diesel vehicles is disproportionately higher than their
population would suggest. The Carl Moyer Program will provide financial incentives to
assist in the purchase of cleaner heavy-duty vehicles, including urban buses, to achieve
additional near-term emission reductions from these sources.

1. Emission Inventory

In California, on-road mobile sources account for about 50 percent of total NOx
emissions. Even though heavy-duty diesel vehicles, including urban buses, account for
less than two percent of all on-road vehicles, they emitted about 25 percent of the
statewide NOx emissions and over 70 percent of the exhaust PM emissions from all on-
road vehicles in 1998. Heavy-duty diesel vehicles emitted 424 tons per day (tpd) of
NOx and 26 tpd of exhaust PM emissions statewide. In addition, vehicle miles traveled
from heavy-duty vehicles are projected to increase by about 30 percent by 2010.
Emissions from heavy-duty diesel vehicles have to be reduced further if air quality goals
are to be achieved.

10
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2. Emission Standards

Adopted emission standards have reduced NOx and PM emissions from heavy-duty
vehicles substantially. Furthermore, NOx emissions from new heavy-duty vehicles will
be cut in half starting in 2004 as a result of recently adopted regulations. Table li-1 lists
the existing and future NOx and PM emission standards for heavy-duty engines.

Table I1-1
Exhaust Emission Standards for Heavy-Duty Engines

NOx and PM Emission Standards (g/bhp-hr)®
Heavy-Duty Vehicles Urban Buses
Model Year NOx PM NOx PM
1996 - 2003 T -- 4.0 - 0.05°
1998 - 2003 4.0 0.10 - -
2004 + 24°0r25° 0.10 2.4° or 2.5° 0.05°

' g/bhp-hr = grams per brake-horsepower-hour
® in-use standard of 0.07 g/bhp-hr

© NOx plus Non-Methane Hydrocarbons (NMHC)
¢ NOx plus NMHC with 0.5 g/bhp-hr NMHC cap

The Carl Moyer Program provides incentives to obtain additional emission reductions
immediately by encouraging the purchase and deployment of reduced-emission heavy-
duty vehicles. Alternative fuel and advanced technology engines can provide significant
emission reductions for on-road vehicles. There are several MHD and HHD reduced-
emission engine technologies available in the California marketplace.

3. Control Technologies

This section discusses commercially available reduced-emission engines for MHD and
HHD vehicles. The engines discussed are considered suitabie as new engine/vehicle
. purchase, or new engine purchases for vehicle repower opportunities. Also discussed
briefly are emerging technologies that may be commercially available in two to three
years. The information in this section is intended to provide information regarding
reduced-emission engine technologies that can be purchased now, and technologies,
which have potential to become commercially available in the near term. These
technologies are most likely available for the Carl Moyer Program funding. A program
criterion for the Carl Moyer Program is that the engines be certified. Some engines
discussed below have not been certified to the ARB’s optional NOx emission credit
standards. However, they are included in this discussion since they could potentially be
certified to those standards during the time frame of the Carl Moyer Program.

a. Available Technologi

Diesel engines, due to their high efficiency and long life, dominate the MHD and HHD
vehicle market. However, due to their lean-burn operation, they have had limitations in
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achieving significant NOx emission reductions. Currently, alternative fuel engines,
especially compressed natural gas (CNG) and liquefied natural gas (LNG) engines have
been able to achieve NOx emissions about half of a conventional diesel engine. In
addition to CNG and LNG engines, dual-fuel engines are also available for heavy-duty
truck applications. Alternative fuel engines, including LPG, are also available for
medium heavy-duty truck application. Engine manufacturers have invested a
considerable amount of resources in the research and development of reduced-
emission diesel engines and progress is being made, especially with the integration of
advanced electronics and greater use of exhaust gas recirculation. However, it is
expected that within the time frame of the Carl Moyer Program, the only new vehicles
that will be able to demonstrate the requisite emission reduction will be alternative fuel
vehicles.

The variety of alternative fuel engines available, and the number sold, has increased
significantly in the past five years. Currently, three different manufacturers offer nine
different low-emission alternative fuel engines from 150 to 410 horsepower. The
number and variety of engines continues to expand. Alternative fuel vehicies have
made the most progress in the transit bus market. At this time, more than 20 percent of
all bus sales in California are alternative fuel and several transit agencies have a policy
of exclusively buying alternative fuel buses. These include Sacramento Metropolitan
Regional Transit Authority, Los Angeles County Metropolitan Transportation Authority,
and Sunline Transit. Current district incentive programs have been instrumental in
maturing this market.-

Dual-fuel engines are available that are certified to reduce NOx to sixty-two percent of
the required NOx standards. One set of in-use test data shows that while these engines
deliver full emission benefits in many applications, the emission benefits are less for
engines operated on a low-speed, stop-and-go chassis cycle (the Central Business
District cycle). One indication of this is the percentage of alternative fuel consumed.
This fuel substitution rate has been high (approximately 80%) during certification, but
may be significantly lower in stop-and-go applications. ARB staff has been working
closely with a dual fuel engine manufacturer to collect additional information and more
accurately determine the emission benefits in neighborhood refuse collection. Staff
proposes that prior to any dual-fuel project being funded for a stop-and-go application,
the manufacturer must provide the Executive Officer with data demonstrating that the
fuel substitution rate is appropriate for natural gas versus diesel.

b. rqin loqi

Several low-emission technologies hold promise for the future, but are not yet
commercially available. Some of these technologies include aqueous fuel, ceramic
coating, and high-pressure direct injection natural gas. These technologies may be
developed as engine retrofit or new engine technologies, but, at the present time, they
are not certified for sale in California to reduced-emission levels. Some of these
emerging/experimental technologies may not be able to be certified during the tenure of
this program. These technologies would be ineligible to participate in the Carl Moyer
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Program since the ARB'’s policy is to provide funding only for reduced-emission engines
or technologies that have been certified. However, for very promising technologies that
have sufficiently demonstrated their potential to reduce emissions, ARB could grant, on
a case-by-case basis, an experimental permit for an engine with certain technology to
operate in California. Experimental permits are typically granted for demonstrations
involving one or two vehicles, and include very strict limitations. For example, the
allowed time for operating a vehicle with an experimental-permitted engine is usually
limited to one or two years, after which the engine has to be removed from service,
uniess an extension is requested and is justified. The ARB intends experimental
permits to be a means to field test a technology in some limited situations and not to be
a way to circumvent certification requirements.

Even though these emerging technologies may not be commercially available at the
start of the Carl Moyer Program, an on-going incentive program would likely provide the
impetus that could expedite the development of these technologies and encourage
research and development into additional technologies. Promising longer-term
technologies, such as fuel-cell or hybrid powerplants, could potentially qualify for partial
funding under the program, if they comply with the program criteria and are certified for
sale, or have been granted an experimental permit subject to the strict limitations
discussed above. However, since these technologies are currently too expensive for a
project to meet the cost-effectiveness criterion, a cost buy-down wouid likely be needed.

Alternative Diesel Fuels: Over the years industry has produced various
alternative diesel fuels (i.e. diesel water emulsions, bio-diesel, etc.) that may lower PM
and NOx emissions from diesel engines, as compared to conventional diesel. Some of
these technologies are emerging from the demonstration stage to a commercial
product, while others are still in the research stage. As such, ARB staff has been
evaluating whether or not to consider alternative diesel fuels that are entering into the
commercial market as a potential category for reducing emissions under the Carl Moyer
Program.

In its infancy, the Carl Moyer Program was designed to reduce emissions by applying
control technology (engine hardware) that has been certified, for the most part, beyond
the current standards. In essence, it has been a program aimed at providing the end
users with an incentive to clean up their very old engines by replacing them with newer
engines that have cleaner control technology. Under the current Carl Moyer Program,
associated program reductions are easily measured and enforced. Engine technology
is typically certified for sale in California by ARB, tested according to regulatory test
procedures, and has warranties on components that reduce emissions. Hence the
program provides real, quantifiable, and enforceable emission reductions statewide.

Allowing alternative diesel fuel as a category under the Carl Moyer Program may be
viable in the future. However, some issues still need to be evaluated by staff before this
option is allowed under the Carl Moyer Program. First, allowing this category would
require ARB to move from a program that is currently focused on updating old engines
(hardware), to a program that would allow diesel engines to remain in operation by
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simply changing over to an alternative diesel fuel. The manufacturer of the alternative
diesel would need to demonstrate that the fuel is cleaner than conventional diesel fuel.
Under the current program, engines must reduce NOx emissions by a minimum of 25
percent in order to qualify for funding. ARB staff is currently proposing to reduce this
requirement to 15 percent.

Second, the current program is designed to calculate emission reductions and cost-
effectiveness based on actual usage (i.e. mileage, fuel consumption, or hours of
operation) and the cost difference between engine technology. Although there may be
a cost difference between the altemnative diesel fuel and conventionai diesel fuel,
tracking fuel consumption for the alternative diesel fuel may be difficult. Currently, there
is no method for assuring that an alternative diesel fuel is being used over conventional
diesel, since vehicles may be able to continue operating on either fuel.

AB 2061 was signed by the Governor and the Legislature appropriating $500,000 in
funding to be used for alternative diesel fuels. These funds would be distributed to
projects based on the criteria set in these guidelines. Hence, ARB staff is currently

- developing test procedures to evaluate the emission benefits of these alternative diesel
fuels. Until those procedures are approved, funding for alternative diesel fuel wouid be
allowed on a case-by-case basis based on the incremental cost between the two fuels.

Funding for the incremental cost of alternative fuels (if any) would also be allowed on a
case-by-case basis. However the alternative fuels would have to be used with a Carl
Moyer funded project. ARB staff, in cooperation with the district, would evaluate the
project to determine whether or not it would qualify for funds based on emission benefits
and cost-effectiveness. Furthermore, funding for incremental fuel costs would be
optional for districts. If funded, funding would come from the district and would count as
a district's matching funds under the Carl Moyer Program.

Hybrid Electric Vehicles: Hybrid buses utilize an electric drive typically with an
internal combustion engine (diesel or alternative-fuel) and a traction battery. Current.
California and federal certification test procedures are based on non-hybrid engine duty-
cycles and therefore are not able to adequately represent the emissions benefits of the
hybrid technology. Diesel hybrid vehicle projects would only be approved on a case-by-
case basis at an emission level deemed appropriate by ARB. ARB staff would '
determine the emissions benefits for buses based on the chassis Central Business
District Cycle. Additional information may be used based on the operating reglme of the
engine in the particular hybrid system.

C. Incentives for Early Replacement of Pre-1987 Heavy-Dutv Vehicles

Pre-1987 heavy-duty diesel trucks still comprise a significant portion of the truck
population in California. The engines in these trucks are continuing to be rebuilt since
the truck owners/operators typically do not have the financial resources to buy newer
trucks. These vehicles typically operate from California’s ports to densely populated
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areas and back. They also operate around-the-clock, and on a seasonal basis hauling
agricultural products, as well as other non-line haul local deliver applications.

ARB staff understands the need to reduce emissions from this segment of the heavy-
duty diesel truck sector. In fact, ARB considered a similar program to retire heavy-duty
engines in the past. However, the analysis indicated that the older, high emitting trucks
removed from the fleet were not likely to be replaced with cleaner vehicles, but rather
with trucks of similar age from outside the area, providing little or no emission benefit.
Also, the prospects for a self-funded program diminished when the anticipated overseas
market for old California trucks did not materialize. Therefore with the lack of expected
emissions benefit and funding, the heavy-duty engine retirement program was never
implemented. '

Staff conducted another analysis to determine potential benefits associated with
providing incentives for the early replacement of pre-1987 heavy-duty engines. This
analysis is provided in Appendix B. Based on the preliminary, staff was not able to
develop a cost-effective program and proposes not to aliow funding from the Carl Moyer
Program to replace pre-1987 heavy-duty vehicles.

B.  Project Criteria

The project criteria for on-road heavy-duty vehicles provide districts, fleet operators, and
transit agencies with the minimum qualifications that must be met for a project to qualify
for funding. The main criteria for selecting a project are the amount of emission
reductions, cost-effectiveness, and ability for the project to be completed within the
timeframe of the program.'These criteria will also provide districts and program
operators with caiculations that must be used for determining emission reductions and
cost effectiveness resulting from reduced-NOx on-road heavy-duty vehicle projects.
Reduced-NOx on-road heavy-duty vehicle projects, which inciude new vehicle
purchase, vehicle engine replacement (repower), and engine retrofit, will be considered
and evaluated for incentive funding. In general, on-road heavy-duty vehicle projects
qualifying for evaluation must meet the criteria listed below. The criteria includes new
project life for on-road heavy-duty vehicle engine projects based on the remaining
amount of useful life for the older engine and is listed for new purchases and repower
projects. '

» Eligible projects must provide at least 30 percent NOx emission reduction (for new
vehicle purchases) compared to baseline NOx emissions. For repower or retrofit
projects, the retrofit kit must be certified to reduce NOx emissions by at least 15
percent; '

o NOx reductions obtained through this program must not be required by any existing

regulations, memoranda of agreement/understanding, or other legally binding
documents;
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e Reduced-emission engines or retrofit kits must be certified for sale in California and
must comply with durability and warranty requirements. Qualified engines could
include new ARB-certified engines; ARB-certified aftermarket part engine/control
devices; or engines with ARB-approved experimental permits;

e For urban transit buses and school buses --- new bus purchase must be for
alternative fuel buses - repowering an existing bus with a new or rebuilt diesel
engine is not eligible;

e Funded projects must operate for a minimum of 7 years and at least 75 percent of
vehicle annual miles traveled must occur in California; and

» Projects must meet a cost-effectiveness criterion of $13,000 per ton of NOx reduced.

e The acceptable project life for calculating on-road project benefits is as follows:

Default without Default with
Documentation =~ Documentation
School buses > 33,000 GVWR - New 20 years N/A
‘Buses > 33,000 GVWR - New 12 years . N/A
Other On-road — New 10 years 15 years
Other On-road — Repowers 7 years 16 years

A different project life may be selected for approval by ARB staff. However sufficient
documentation must be provided to ARB that supports the selected project life
based on the actual remaining useful iife.

C. Potential Types of Projects.

The primary focus of the Carl Moyer Program is to achieve emission reductions from
heavy-duty vehicles operating in California as early and as cost-effectively as possible.
The project criteria were designed to ensure that the emission reductions expected
through the deployment of low-emission engines or retrofit technologies under this
program are real, quantifiable, and enforceable. '

1. New Vehicles

New vehicle purchases of LNG and CNG trucks and buses are expected to be the most
common type of project for on-road heavy-duty vehicles under this program. In order to
be eligible to participate in this program, the new vehicle/engine has to be certified to
one of the ARB's current optional NOx emission credit standards, regardless of fuel type
or engine design. The ARB NOx emissions credit standards start at 2.5 g/bhp-hr and
decrease in 0.5 g/bhp-hr increments. Engines not certified to the ARB’s NOx emission
credit standards are not eligible to participate in the Carl Moyer Program even if the
engines were certified at levels similar to, or could have been certified at, the credit
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levels. Table -2 lists the current heavy-duty engines that have been certified to the
ARB’s optional NOx emission credit standards. Since new engines are certified
throughout the year, districts are encouraged to contact ARB staff for the most current
list of eligible engines.

Table 11-2
Heavy-Duty Engines Certified to
ARB’s Optional NOx Emission Credit Standards
(Emission Levels for NOx, PM, and NMHC are in g/bhp-hr)

My Manuf. Service | Fuel Type | Displ | NOx | PM NMHC Cert. Std. HP
Type * (ltr) NOx/PM
2000 Baytech MHD Dual” 5.7 1.3 - 0.00° 1.5/NA 211/245°
2000 | Baytech MHD CNG 57 1.3 - 0.00 1.5/NA 211
2000 Baytech HDG CNG 57 1.3 - 0.00 1.5/NA 211
2000 Baytech HDG Dual” 57 1.3 — 0.00° 1.5/NA 211/245°
2000 | Cummins MHD LPG 5.9 2.3 0.01 - 2.5/0.10 195
2000 | Cummins MHD L/CNG 5.9 1.8 0.02 0.1 2.5/0.10 150/195/230
2000 | Cummins HHD CNG 83 |1837| 0.02 06 2.5/0.10 2501275
2000 | Cummins uB CNG 8.3 1.7 0.02 0.6 2.510.05 250/275
2000 DDC UB L/ICNG 12.7 2.0 0.02 0.8 2.5/0.05 330
2000 DODC uB UCNG 8.5 1.5 0.01 0.8 2.0/0.05 275
2000 Deere MHD CNG 8.1 22 0.02 04 2.5/0.10 225/250
2000 Deere MHD CNG 6.8 24 0.04 0.3 2.5/0.10 225
2000 IMPCO MHD LPG 7.4 0.8 - 0.66 1.5/NA 229
2000 Mack HHD L/CNG 11.9 2.3 0.03 0.3 2.5/0.1 325/350
2000 PSA MHHD Dual” 7.2 2.2 0.08 1.2 2.5/0.10 200/240/250
2000 PSA HHD Dual® 103 | 24 | 0.06 1.1 2.5/0.10 305/350
2000 PSA HHD Dual® 12.0 2.4 0.10 0.5 2.5/0.10 370/410
1999 Deere MHD CNG 6.8 24 0.04 03 2.5/0.10 225
1999 Deere MHD CNG 8.1 22 0.02 04 2.5/0.10 250
1999 DDC uB CNG 12.7 20 0.02 0.8 2.5/0.05 330
1999 DDC uB CNG 8.5 2.2 0.01 - 06 - 2.5/0.05 275
1999 | Cummins uB L/ICNG 10.0 14 0.02 0.03 2.0/0.05 2807300
1999 | Cummins HHD L/CNG 8.3 18 0.02 0.6 2.5/0.10 250/275
1999 | Cummins uB L/CNG 8.3 1.7 0.01 0.2 2.5/0.05 250/275
1999 | Cummins MHD L/ICNG 59 18 0.02 0.1 2.5/0.10 150/195/230
1999 | Cummins MHD LPG 5.9 2.3 0.01 0.8 2.5/0.10 195
1999 IMPCO MHD LPG 7.4 0.8 - 0.66 1.5/N/A 229
1999 PSA® MHD Dual” 7.1 24 0.09 1.0 2.5/0.10 200
1999 PSA’ MHD Dual® 72 22 0.07 e 2.5/0.10 250
1999 PSA® MHD Dual” 7.2 2.4 0.09 1.0 2.5/0.10 200
1999 PSA* HHD Dual® 10.3 24 0.06 11 2.5/0.10 305/350
1999 PSA® HHD Dual® 12.0 2.4 0.10_ 05 2.5/0.10 370/410
= Service Type: MHD (Medium Heavy-Duty); HHD (Heavy Heavy-Duty); UB (Urban Bus)

® Dual fuel (CNG or gasoline)

© NMHC: 0.00 for CNG; 0.2 for gasoline

? Horsepower: 211 for CNG; 245 for gasoline

¢ Dual Fuel (CNG + Diesel; or LNG + Diesel)

9 Power Systems Associates (using Caterpiliar engine)
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As evident from Table 1I-2, only alternative fuel engines are currently certified to the
ARB's optional NOx emission credit standard. The Carl Moyer Program is fuel neutral
for all project categories, with the exception of urban transit and school buses. For
urban transit and school buses, only new purchases of alternative fuel buses are eligible
to be funded under the Carl Moyer Program.

2. Repowers

Vehicle repower refers to replacing an older engine with a newer engine certified to
lower emission standards. There may be limited opportunities to repower on-road
vehicles with new engines. One area where this may be cost-effective to do is in
replacing an old mechanical engine with a newer model year mechanical engine that is
certified to a lower NOx emission standard. Mechanical engines are those engines
having their injection timing mechanically controlled and are most common for pre-1991,..
and particularly for pre-1987, model year engines. Since certain mechanical engine
families share similar engineering designs they could be replaced with another
mechanical engine in some cases.

For the purpose of the Carl Moyer Program, eligible heavy-duty diesel-to-diesel truck
repower projects are those that replace pre-1987 model year mechanical engines with
emission-certified 1987 to 1993 model year mechanical engines. For mechanical-to-
mechanical engine repowers, where a post 1990 mechanical engine is the replacement
engine, an applicant must provide the district with the vehicle VIN number, engine
model number, and serial number for ARB to determine if the project would qualify for
funding. Diesel-to-diesel engine repowers for electronic-to-electronic engines would be
allowed only when replacing a 1988 and later model year electronic engine with an
October 2002 and later model year engine. Post 1987 repower projects are allowed for
projects where a diesel engine is repowered with an alternative fuel engine.

Under the Carl Moyer Program, funding is not available for projects where gasoline
engines (i.e. natural or gasoline) are replaced with new diesel engines. For urban
transit and school buses, repowering projects are allowed for all model years but only
for projects that replace the existing (diesel) engine in a bus with an alternative fuel
engine. The replacement alternative fuel engine must be certified for sale in California
to a NOx emission standard that is at least 15 percent lower than the orlglnal engine
NOx certification level for the engine being replaced

A few districts have expressed an interest to allow mechanical-to-electronic engine
repowers for on-road heavy-duty engines. Although substantial NOx emissions may
occur by repowering a pre-1987 mechanical engine with 2002 model year engines, the
electronically controlled engines are difficult to install in applications that were not
previously electronically controlled. The fuel system and electrical system for these
engines are completely different compared to a mechanical engine. Hence, ARB would
allow mechanical-to-electronic engine repowers only on a case-by-case basis. ARB, in
cooperation with the local air district, would evaluate the project and determine if the
benefits are adequate to merit funding under the Carl Moyer Program.
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3. Retrofits

Retrofit means making modifications to the engine and/or fuel system such that the
retrofitted engine does not have the same specifications as the original engine. Retrofit
projects are allowed for all engine model years. The most straightforward retrofit
projects are those that could be done at the time of engine rebuild. This might entail
upgrading certain engine and/or fuel system components to result in a lower emission
configuration. For urban and school buses, only projects that convert the existing diesel
engine in a bus to operate on alternative fuel are eligible to participate in the program.
To qualify for funding for these types of projects, the engine retrofit kit must be certified
to reduce NOx emissions by at least 15 percent compared to the original engine
certification level.

4. Sample Application

In order to qualify for incentive funds, districts make applications available and solicit
bids for reduced-emission projects from heavy-duty vehicle operators and transit
agencies. A sample application form is included in Appendix C. The applicant must
provide at least the following information, as listed in Table 1I-3.

Table HI-3
Minimum Application Information
On-road Projects

1. Air District ' 7. NOx Emissions Reductions (continued)
) . Reduced NOx Emissions Factor:

2. Applicant Demographics Estimated Annual NOx Emissions Reductions:
Company Name: Estimated Lifetime NOx Emissions Reductions:
Business Type: ‘

Mailing Address: 8. Percent Operated in California:
Location Address:
Contact Number: 9. Annual Diesel Gallons Used:

3. Project Description _ 10. Annual Miles Traveled:
Project Name:

Project Type: 11. Hours of Operation:

Vehicle Function:

Vehicle Class: 12. Project Life (years):

GVWR(lbs):

_ . . 13. Old Engine Information
4. NOx Reduction Incremental Cost Effectiveness Horsepower Rating:
Analysis Basis: (Mileage/Fuel/Hours of Engine Make:
Operation) ‘ Engine Model:
Engine Year:

5. VIN or Serial Number:
14. New Engine Information

6. Application: (Repower, Retrofit or New) Horsepower Rating:
. Engine Make:
7. NOx Emissions Reductions Engine Model: -
Baseline NOx Emissions Factor: Engine Year:
NOx Conversion Factors Used: Fuel Type:
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Table II-3 (continued)
Minimum Application Information
On-road Projects

15. Cost ($) of the Base Engine: 18. PM Emissions Reductions
Baseline PM Emissions Factor:

16. Cost ($) of Certified LEV Engine: PM Conversion Factors Used:
Reduced PM Emissions Factor:

17. District Incentive Amount Requested: Estimated Annual PM Emissions Reductions:
Estimated Lifetime PM Emissions Reductions:

D. Emission Reduction and Cost Effectiveness
1. Emission Reductiqn Calculation.

In general, the emission reduction benefit represents the difference in the emission level
of a baseline and reduced-emission vehicle/engine. In situations where the model year
of the vehicle chassis and the model year of the existing engine are different, the model
year of the engine will be used to determine the baseline emission factor for emission
reduction calculations. The emission level is calculated by multiplying an emission
factor, an activity level and a conversion factor, if necessary. Because the conversion
factor and the activity level could be different for the baseline and reduced emission
vehicle/engine, the emission level should be calculated first and then the difference
taken to determine the emission reduction. The examples in the February 1999 Carl
Moyer Program Guidelines, where the emission reductions were simply based on the
difference in emission factors, assumed that there was no change in the conversion
factor or activity level. For most on-road vehicles the activity level is defined by the
annual miles traveled as indicated by the vehicle odometer. Refuse vehicles operating
in predominantly stop and go applications, however, are the exception. In this case, the
activity level should be based on fuel consumed as specified by actual annual fuel
receipts or other documentation. Emission reduction calculations shall be consistent
with the type of records maintained over the life of the project.

The NOx emission factors have been updated to reflect the recently adopted
EMFAC2000 emissions model, which accounts for the settlement agreement between
USEPA, ARB and the diesel engine manufacturers (regarding excess NOx emissions
from the use of alternative injection timing strategies). EMFAC2000 emission factors
are based on chassis dynamometer test data that are in units of g/mile. The model year
NOx emission factor listed in Tables |4, lI-5, and II-6 represent the bag 2 zero mile
emission factors of medium heavy-duty vehicles, heavy heavy-duty vehicles, and urban
buses, respectively. School buses should use the emission factor according to their
GVWR.

If annual mileage is the basis for emission reductions, a conversion factor may be
needed to convert g/bhp-hr to g/mile units. The conversion factors listed in Table 11-7
should be used as default. '
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Table 11-4
NOx Emission factors for Medium Heavy-Duty Vehicles
14,001 - 33,000 Ibs GVWR

Model Year Gram per Mile

Pre - 1983 18.5

1984 - 1986 17.9

1987 - 1990 15.7

1991 - 1993 13.1

1994 - 1997 ' 11.5

1998 - 2002 10.5
2003 + 55

Table 11-5

NOx Emission factors for Heavy Heavy-Duty Vehicles
33,000 + Ibs GVWR

Model Year Gram per.in'ile
Pre - 1975 28.5
1975 - 1983 27.2
1984 - 1986 20.2
1987 - 1990 16.8
1991 - 1993 16.0
1994 - 1997 19.1
1998 : 23.0
1999 — 2002 13.4
2003 + 6.7

Table 116

NOx Emission factors
for Urban Buses

Model Year Grams per Mile
Pre — 1987 46.2
1987 - 1990 40.2
1991 - 1993 255
1994 — 1995 29.8
1996 — 1998 39.2
1999 — 2002 204
2003 10.2
2004 — 2006 25
2007 ' 1.0
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Table 1I-7
Diesel Equivalent Conversion Factors for
Heavy-Duty Vehicle Projects (bhp-hr/imile)

Medium Heavy-Duty Heavy Heavy-Duty
Diesel Diesel Urban Transit Bus *

Model Year | 14001-33,000 Ibs. - 33000 Ibs. + 33000 ibs. +
Pre-1978 2.3 2.9 4.3
1978 - 1981 - 2.3 28 4.3
1982 — 1983 2.3 2.8 4.3
1984 — 1990 2.3 2.7 - 43
1991 - 1995 23 27 4.3
1996+ 2.3 26° 4.3

a. Urban transit buses over 33,000 gross vehicle weight rating (GVWR) or school buses over 33,000 GVWR in an urban area.
b. 2.6 bhp-hr/mile is for all heavy-duty line haul trucks (class 8).

Refuse vehicles operating predominantly in stop and go applications accrue low
mileage yet intermittently operate at high load during compaction mode. Therefore a
g/mile emission factor may not be appropriate for these operating conditions.
Furthermore, based on discussion with engine manufacturers neighborhood refuse
collection trucks are subject to limited off-cycle emissions. ARB staff estimates that a
typical heavy heavy-duty diesel truck performing neighborhood waste collection
activities would have off-cycle emissions 20 percent of the time. The model year NOx
emission factors for refuse vehicles operating predominantly in stop and go applications
are listed in Table 11-8. An applicant may use the gram per mile emission factors on a
case-by-case basis, provided sufficient documentation is provided to ARB showing that
the vehicle/fleet do not operate under these conditions.

Table II-8
NOXx Emission factors for Refuse Vehicles .
Predominantly in Stop and Go Applications

Model Year g/bhp-hr
Pre — 1987 ' ‘ 10.0
1987 — 1990 6.0
1991 - 1998 ‘ 5.2
1999 - 2002 44
2003 + 2.5

If annual fuel consumption is the basis for the emission reductions, an energy
consumption factor is used to convert g/bhp-hr to g/gallon of fuel used. Heavy-duty
diesel engines typically have a brake-specific energy consumption of 6,500 to 7,000
BTU per horsepower-hour on the certification cycle. Diesel fuel has the energy density
of about 18,000 BTU/Ib and a mass density of 7.0 Ib/gallon. This results in an energy
consumption factor of about 18.5 horsepower-hour/gallon of fuel consumed which
should be used as the default for refuse vehicles operating predominantly in stop and

22



{0

go applications. Otherwise, there are two ways of calculating an engine specific energy
consumption factor: 1) divide the horsepower of the engine by the fuel economy in units
of gallons/hour or 2) divide the density of the fuel by the brake-specific fuel consumption
of the engine. While actual fuel receipts or other documentation support the annual fuel
consumption of the baseline engine, the annual fuel consumption of the reduced-
emission engine is an estimate proportionate to the change in the energy consumption
factor. For example, a reduced-emission engine having an energy consumption factor
of 18.5, replacing a baseline engine which uses 5,000 gallons/year, and which has an
energy consumption factor of 17.8, would have an estimated annual fuel consumption of
5,197 gallons/year. Future fuel receipts or equivalent documentation should be
submitted annually, throughout the project life, as verification of this estimate.

Under the proposed revisions, new emission factors would prevent some diesel-to-
diesel repower projects from qualifying for funding. Hence, the emission reduction
requirement would be modified to 15 percent.

2. Cost-Effectiveness Calculations

For new heavy-duty vehicle purchase projects, only the incremental cost of purchasing
a new vehicle that meets the optional NOx emission credit standard compared to a
conventiona! vehicle that meets the existing NOx emission standard, will be funded
through the Cari Moyer Program. For vehicle repower projects, the portion of the cost
for a vehicle repower project to be funded through the Carl Moyer Program is the
difference between the total cost of purchasing and installing the new, emission-certified
engine and the total cost of rebuilding the existing engine. For engine retrofit projects,
the full cost of the retrofit kit will be funded subject to the $13,000 per ton cost-
effectiveness criterion. For Urban Transit Buses, the portion of the capital cost to be
funded through the Carl Moyer Program is the non-FTA funds (20 percent of full capital
cost) and is subject to the $13,000 per ton cost-effectiveness criteria.

Full incremental cost for an urban transit bus would be granted, however, on a
case-by-case basis.. The transit district must demonstrate a true need. The transit
district would need to provide ARB with its Transportation Implementation Plan (TIP)
and any annual updates. If data included in the TIP is not sufficient for ARB to
determine the need for the applicant to receive full incremental cost, ARB would ask for
additional documentation. The costs that are not considered eligible for Carl Moyer
funds include operating costs such as maintenance or other “life-cycle” costs.

Only the amount of money provided by the program and any local district matching fund
is to be used in cost-effectiveness caiculations. The one-time incentive grant amount is
to be amortized over the expected project life (at least seven years) and with a discount
rate of five percent. The amortization formula (given below) yields a capital recovery
factor, which, when multiplied by the initial capital cost, gives the annual cost of a
project over its expected lifetime.

Capital Recovery Factor (CRF) = [(1+N" M/ (1 '+ N"-1]
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Where,

i= discount rate (5 percent)
n=  project life (at least seven years)

The discount rate of five percent reflects the opportunity cost of public funds for the Carl
Moyer Program. This is the ievel of earning that could be reasonably expected by
investing state funds in various financial instruments, such as U.S. Treasury securities.
Cost-effectiveness is determined by dividing the annualized cost by the annual NOx
emission reductions. Example calculations for on-road vehicle projects are provided
below. _ :

3. Examples

For the purposes of explaining the emission reduction and the cost effectiveness
calculations from a heavy-duty engine project, three examples are presented below.

Example 1 - Diesel to Diesel On-Road Repower (Calculations based on Mileage).
A line haul trucking company proposes to repower a 1983 heavy heavy-duty diesel line
haul truck with a model year 1990 certified NOx diesel engine. This vehicle operates
90% of the time in California.

ission R ion Calculati
Baseline NOx-Emission factor: 27.2 g/mile
Reduced NOx Emission factor: 16.8 g/mile
Annual Miles: 60,000 miles
% Operated in CA: 90%
Convert grams to tons: ton/907,200g

Hence, the estimated reductions are:
(27.2 g/mile —~ 16.8 g/mile) * 60,000 mile/year * 90% * ton/907,200 g =
0.62 tons/year NOx emissions reduced

The annualized cost is based on the portion of incremental project costs funded by the
Carl Moyer Program, any matching funds that were used to fund the project, the
expected life of the project (7 years for heavy-duty truck repowers), and the interest rate
(5 percent) used to amortize the project cost over the project life. The incremental
capital cost to the fleet operator for this purchase and the maximum amount that could
be funded through the Carl Moyer Program fund are determined as follows:

‘Incremental Capital Cost: - $ 30,000 - % 7,000 (for rebuild) = $ 23,000
Maximum Amount Funded: $ 23,000 ,
Capital Recovery: [(1 + 0.05)" (0.05))/[(1 + 0.05)" = 1]=0.17
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Annualized Cost: (0.17)(% 23,000) = $ 3,910/year
Cost-Effectiveness: (% 3,910/year)/(0.62 tons/year) = $ 6,306/ton

The cost effectiveness for the example is less than $13,000 per ton of NOx reduced.
This project would qualify for the maximum amount of grant funds requested.

Example 2 — Diesel to Diesel On-Road Repower (Calculations based on Mileage).
A refuse company proposes to repower a 1970 heavy heavy-duty diesel transfer truck
with a model year 1990 certified NOx diesel engine. This vehicle operates 100% of the
time in California.

Emission Reduction Caiculation

Baseline NOx Emission factor: 28.5 g/miie
Reduced NOx Emission factor: 16.8 g/miie
Annual Miles: 120,000 miles
% Operated in CA: 100%
Convert grams to tons: ton/907,200g

Hence, the estimated reductions are:

(28.5 g/mile — 16 8 g/mlle) 120,000 mile/year * 100% * ton/907,200 g =
1.5 tons/year NOx emissions reduced

n -Effectiv |

The annualized cost is based on the portion of incremental project costs funded by the
Carl Moyer Program, any matching funds that were used to fund the project, the
expected life of the project (7 years for heavy-duty truck repowers), and the interest rate
(5 percent) used to amortize the project cost over the project life. The incremental
capital cost to the fleet operator for this purchase and the maximum amount that could
be funded through the Carl Moyer Program fund are determined as follows:

" Incremental Capital Cost: '$ 25,000 - $ 4,000 (for rebuild) = $ 21,000
Maximum Amount Funded: $ 21,000
Capital Recovery: “[(1 +0.05)" (0.05)Jf{(1 + 0.05)" - 1]=0.17
Annualized Cost: (0.17)(%$ 21,000) = $ 3,570/year
Cost-Effectiveness: (% 3,570/year)/(1.5 tons/year) = $ 2,380/ton

The cost effectiveness for the example is less than $13,000 per ton of NOx reduced.
This project would qualify for the maximum amount of grant funds requested.

Example 3 — CNG New Vehicle Purchase (Calculations Based on Fuel
Consumption). A refuse collection company proposes to purchase a new CNG vehicle
versus a diesel one with a GVWR 58,000 Ibs. This vehicle is used for door-to-door
refuse pick-up and operates 100% of the time in California.
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Emission Reduction Calculation
Baseline NOx Emission factor: 4.4 g/bhp-hr
Reduced NOx Emission factor: 2.5 g/bhp-hr
Conversion Factor: 18.5 bhp-hr/gal
Annual Fuel Consumption: 10,400 gal/year
% Operated in CA: 100 %
Convert grams to tons: ton/907,200 g

Hence, the estimated reductions are;
(4.4 g/bhp-hr - 2.5 g/bhp-hr) * 18.5 bhp-hr/gal * 10,400 gal/year * 100% * ton/907,200 g =
0.40 tons/year NOx emissions reduced

n - iven Iculation

The annualized cost is based on the portion of incremental project costs funded by the
Carl Moyer Program, any matching funds that were used to fund the project, the
expected life of the project (10 years for heavy-duty trucks), and the interest rate (5
percent) used to amortize the project cost over the project life. The incremental capital
cost to the fieet operator for this purchase and the maximum amount that could be
funded through the Carl Moyer Program fund are determined as foliows:

Incremental Capital Cost: $ 135,000 - $ 90,000 = $ 45,000

Maximum Amount Funded: $ 45,000

Capital Recovery: [(1 +0.05)"° (0.05))[(1 + 0.05)'° - 1] =0.13
Annualized Cost: (0.13)($ 45,000) = $ 5,850/year
Cost-Effectiveness: : "~ (% 5,850/year)/(0.40 tons/year) = $ 14,625/ton

The cost-effectiveness for the example is greatér than the $13,000 per ton cost-
effectiveness requirement. In order to meet the $13,000 per ton cost-effectiveness

requirement, this project would oniy qualify for part of the incremental cost — a maximum
amount of $40,450. ,

Example 4 ~ Urban Bus Purchase. A transit agency proposes to purchase a new
CNG bus instead of a new diesel bus. The costs of a CNG bus and a diesel bus are
$350,000 and $310,000, respectively. The new bus will operate 100 percent of the time
in California.

Emission Reduction Calculati
Baseline NOx Emission factor: 20.4 g/mile
Reduced NOx Emission factor: 2.0 g/bhp-hr
Conversion Factor: 4.3 bhp-hr/mile
Annual Miles: 50,000 miles
% Operated in CA: 100 %
Convert grams to tons: ton/907,200 g

Hence, estimated annual NOx reductions are:
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[(20.4 g/mile) — (2.0 g/bhp-hr * 4.3 bhp-hr/mile)] * 50,000 miles/year * 100% * ton/907,200 g =
0.65 tons/year NOx emissions reduced

Cost and Cost-Effectiveness Calculations

The annualized cost is based on the portion of incremental project costs funded by the
Carl Moyer Program, any matching funds that were used to fund the project, the
expected life of the project (12 years for urban bus), and the interest rate (5 percent)
used to amortize the project cost over the project life. For urban bus purchases, the
Federal Transit Administration (FTA) pays approximately 80% of the cost of a new
transit bus. The incremental capital cost to the transit agency for this purchase and the
maximum amount that could be funded through the Carl Moyer Program fund are
determined as follows:

FTA Grant for purchase of new diesel bus: (0.8)(% 310,000) = $ 248,000

Transit agency’s cost for new diesel bus: $ 310,000 - $ 248,000 = $ 62,000

FTA Grant for purchase of new CNG bus: (0.8)($ 350,000) = $ 280,000

Transit agency’s cost for new CNG bus: $ 350,000 - $ 280,000 = $ 70,000
incremental Capital Cost: $ 70,000 - $ 62,000 = $ 8,000

Max. Amount Funded: $ 8,000

Capital Recovery Factor: [(1 +0.05)" (0.05)/[(1 + 0.05)* - 1] = 0.11
Annualized Cost: (0.11)($ 8,000) = $ 880/year
Cost-Effectiveness: (% 880/year)/(0.65 tons/year) = $ 1,354/ton

The cost effectiveness for the example is less than $13,000 per ton of NOx reduced.
This project would qualify for the maximum amount of grant funds requested — the
incremental cost of what was not funded by FTA. Once again, full incremental cost for
an urban transit bus would be granted, on a case-by-case basis. The transit district
must demonstrate a true need by providing ARB with its Transportation Implementation
Plan (TIP) and any annual updates. If data included in the TIP is not sufficient for ARB
to determine the need for the applicant to receive full incremental cost, ARB would ask
for addition documentation. Operating costs such as maintenance or other “life-cycle”
costs are not funded under the Carl Moyer Program.

E. Reporting and Monitoring.

The district has the authority to conduct periodic checks or solicit operating records from
the applicant that has received Carl Moyer funds for new heavy-duty vehicle purchase,
vehicle repowering, or engine retrofit projects. This is to ensure that the vehicle or
engine is operated as stated in the program application. Fleet operators and transit
agencies patrticipating in the Carl Moyer Program are required to keep appropriate
records during the life of the funded project. Records must contain, at a minimum, total
miles traveled and California miles traveled, amount of fuel used, and maintenance and
repair information. Records must be retained and updated throughout the project life
and made available at the request of the district.

27



81

CHAPTER Il
OFF-ROAD EQUIPMENT

This chapter presents the project criteria for off-road equipment projects under the Carl
Moyer Program, along with minor proposed edits. It also contains a brief overview of
the current emission standards, available control technology, potential incentive projects
_eligible for funding, and emission reduction calculation and cost-effectiveness
calculation methodologies.

A. introduction

Off-road engines are used in a wide array of appiications, including, but not limited to,
agricultural tractors, backhoes, excavators, trenchers, and motor graders. Off-road
equipment can be further split into two broad categories: less than 175 horsepower and
equal to or greater than 175 horsepower. The ARB is preempted from regulating new
farm and construction equipment less than 175 horsepower; the USEPA has sole
authority to control equipment in this category. ARB has the authority to regulate off-
road equipment equal to or greater than 175 horsepower and non-preempted off-road
equipment less than 175 horsepower.

Off-road equipment eligible for funding under the Carl Moyer Program includes
equipment 50 horsepower or greater. Excluded from this discussion are engines that
propel or are used on aircraft, locomotives, and marine vessels. Engines used in
locomotive and marine vessel applications are discussed in Chapters IV and V,
respectively, and aircraft engines are eéxcluded from the Carl Moyer Program. Also
excluded from this discussion are engines used in forklifts and airport ground support
equipment. These two off-road categories are discussed separately in Chapters VIl and
VI, respectively. This program does not apply to off-road engines used for
underground mining operatlons and are regulated by the Mining Safety and Health
Administration.

1. Emission Standards

Emissions from off-road equipment were uncontrolied prior to 1996. Estimates of NOx
emission levels from uncontrolied off-road engines range from 8.3 g/bhp-hr to 18 g/bhp-
hr. In January-1992, ARB adopted exhaust emission standards for off-road diesel cycle
engines 175 horsepower and greater to be effective starting with the 1996 model year
engines. Table llI-1 lists ARB's existing and future NOx and PM emission standards for
off-road diesel cycle engines.
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Table Ili-1
ARB Exhaust Emission Standards for
Heavy-Duty Off-Road Engines
L

NOx and PM Emission Standards
‘ (g/bhp-hr)
Rated Power 1996 2000 2001
(horsepower) NOx PM NOx PM NOx PM
175 <hp <750 6.9 0.4 - - 5.8 0.16
> 750 hp - - 6.9 04 - -

The USEPA has adopted virtually identical NOx emission standards for off-road diesel
cycle engines at or above 50 horsepower. The USEPA rule aligns with California’s first
tier regulations for engines 175 horsepower and greater and took effect in 1996. The
USEPA rule also took effect in 1997 for off-road diesel cycle engines at or above 100
horsepower but less than 175 horsepower and in 1998 for off-road diesel cycle engines
at or above 50 horsepower but less than 100 horsepower. The combination of ARB and
USEPA emission standards means that all of today’s new off-road diesel cycle engines
50 to 750 horsepower have to be certified to meet a NOx emission standard of 6.9
g/bhp-hr. Table lli-2 lists USEPA's existing and future NOx and PM emission standards
for off-road diesel cycle engines.

Table lil-2
USEPA Exhaust Emission Standards for
Off-Road Diesel Engines
NOx and PM Emission Standards
(g/bhp-hr)
Rated Power 1996 1997 1998 . 2000
(horsepower) | NOx PM NOx PM NOx PM NOx PM
50 < hp <100 - - - - 6.9 - - -
100 <hp < - - 6.9 - - - - -
175 '
175 <hp < 6.9 04 - - - - - -
750 . . _
>750 hp - - - - - - 6.9 0.4

USEPA, ARB, and off-road diesel engine manufacturers have signed a Statement of
Principles: (SOP) that sets forth comprehensive future emission standards for
compression ignition (diesel) off-road engines. The SOP provides for new NOx, PM, and
carbon monoxide (CO) emission standards for engines with different horsepower ratings
to be effective in a tiered approach. The SOP’s Tier 1 NOx emission levels for off-road
diesel engines 50 horsepower and greater are the same as the ARB’s NOx emission
standards for off-road diesel cycle engines 175 horsepower or greater, as discussed
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previously. Starting with model year 2001 engines, the SOP provides for a combined
NOx and non-methane hydrocarbon (NMHC) emission levels for off-road engines in this
category ranging from 4.8 g/bhp-hr to 5.6 g/bhp-hr (NOx + NMHC). The Tier 2 NOx +
NMHC emission levels for off-road diesel engines 50 horsepower and greater will be
reduced further with the incorporation of the Tier 3 emission levels, ranging from 3.0
g/bhp-hr to 3.5 g/bhp-hr NOx + NMHC, starting in 2006. USEPA has adopted
regulations for off-road diesel equipment consistent with the emission levels contained in
the SOP. The ARB intends to revise California’s regulations for off-road equipment to
harmonize with federal regulations.

The Carl Moyer Program is intended to provide additional emission reductions
immediately by encouraging the purchase of eligible new off-road equipment, or
emission-certified off-road engines to replace eligible uncontrolled engines. This
program also applies to projects that repower emission-certified equipment with engines
certified to an optional NOx emission credit standard. Grants from the Carl Moyer
Program can be used for the purchase of eligible retrofit kits that reduce NOx emissions
from uncontrolled engines to the 6.9 g/lbhp-hr NOx emission standard, or lower. Carl
Moyer Program grants can also be used for the purchase of retrofit kits that reduce NOx
emissions by at least 15 percent from eligible emission-certified engines.

2. Control Technologies

The purpose of this section is to discuss reduced-emission engines for off-road
equipment that are commercially available. The engines discussed are considered
suitable as new equipment purchase, or new engine purchase for repower
opportunities. Emerging technologies that may be commercially available in two to three
years are also discussed. There is no discussion of technologies considered to be in
the experimental or pre-prototype category. This section is intended to provide
information regarding reduced-emission engine technologies that can be purchased
now, and technologies, which have potential to become commercially available in the
very near term. N

a. Available Technologies

Emission-Certified Engines. Currently, off-road diesel cycle engines 50 horsepower to
750 horsepower must to comply with a NOx emission standard of 6.9 g/bhp-hr. Starting
in model year 2000, off-road diesel cycle engines greater than 750 horsepower must
also comply with a 6.9 g/bhp-hr NOx emission standard. The NOx emission standard
for off-road diesel cycle engines 175 to 750 horsepower sold in California will be
reduced to 5.8 g/bhp-hr for the model year 2001 engines. As discussed previously,
these standards do not apply to engines used in aircraft, locomotive, or marine vessel
applications.

A viable and cost-effective way to reduce emissions from pre-controlled equipment is to

replace the engine in that equipment (i.e., repower) with an emission-certified engine
instead of rebuilding the existing engine to its original uncontrolled specifications.
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Although this is commonly a diesel-to-diesel repower, significant NOx and PM benefits
may be achievable due to the high emission levels of the uncontrolled engine being
replaced. With the exception of off-road engines greater than 750 horsepower,
emission-certified engines are commercially available for off-road engines

50 horsepower and greater that are covered under this program. Off-road equipment
comes in a vast array of sizes, weights, and power requirements. Therefore, a
particular engine may be suitable for one application but not another. Another option,
which may be possible for some situations, is to replace an off-road engine with a new
or rebuilt on-road engine certified to a NOx emission standard of 6.9 g/bhp-hr or lower.
It may be possible, in some cases, to replace an older uncontrolled diesel engine with a
newer emission-certified alternative fuel engine. Even though diesel-to-alternative fuel
repower projects for off-road equipment are eligible for funding under the Carl Moyer
Program, they are not expected to be as common as diesel-to-diesel repower projects.

ff-Road Engine Retrofi hnology. Retrofit technology options for off-road diesel
engines to reduce NOx emissions from uncontrolled levels to the existing 6.9 g/bhp-hr
NOx emission standard, or lower, are limited. Any retrofit technology must be certified
for sale in California, must be abie to reduce NOx emissions by at least 15 percent, and
must comply with established durability and warranty requirements. It is possible that
retrofit technologies that have been used to reduce NOx and PM emissions from on-
road heavy-duty diesel engines could be used to control off-road engine emissions in
some applications.

b.  Emerging Technologies
Several reduced-emission technologies hold promise for the future, but are not yet
commercially available. These technologies are being developed for on-road heavy-
duty diesel engines, but they can be used in off-road diesel engine applications as well.
Some of these technologies include: aqueous fuel, ceramic coating, and high pressure
direct injection natural gas. These technologies may be developed as engine retrofit or
new engine technologies, but at the present time, they are not certified for sale in
California. Some of these emerging and/or experimental technologies may not be able
to be certified during the tenure of this program. These technologies would be ineligible
to participate in the Carl Moyer Program since the ARB's policy is to provide funding
only for reduced-emission enginés or technologies that have been certified. However,
for very promising technologies that have sufficiently demonstrated their potential to
reduce emissions, ARB could grant, on a case-by-case basis, an experimental permit
for an engine with certain technology to operate in California. Experimental permits are
allowed for only one or two engine demonstrations and are granted with very strict
limitations. For example, the allowed time for operating equipment with an
experimental-permitted engine is usually limited to one or two years, after which the
engine has to be removed from service, uniess an extension is requested and is
justified. The ARB intends experimental permits to be a means to field test a
technology in some limited situations and not to be a way to circumvent certification
requirements.
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B. Project Criteria

The proposed project criteria have been designed to provide districts and equipment
operators with a list of minimum qualifications that must be met in order for an off-road
equipment project to qualify for funding. The main criteria for selecting a project are:
the amount of emission reductions, cost-effectiveness, and ability for the project to be
completed within the timeframe of the program. The criteria also establish a method for
calculating emission reductions and cost-effectiveness for reduced-NOx off-road
equipment projects. Reduced-NOx off-road equipment projects that include equipment
repowers or engine retrofits will be considered and evaluated for incentive funding. In

general, off-road equipment projects qualifying for evaluation must meet the following
criteria:

» For new equipment purchase, the new engine must be certified to an ARB optional
NOx emission credit standard for off-road diesel equipment that is at least 30
. percent lower than the existing NOx emission standard.

» For equipment repower projects the replacement engine must be certified to a NOx
emission standard that is at least 15 percent Iower than the current ARB NOx
emission standard; :

 For engine retrofit projects: (i) the retrofit kit must be certified to reduce NOx
emissions to 6.9 g/bhp-hr, or lower, if it is used to retrofit an eligible uncontrolled
engine, or (i) the retrofit kit must be certified to reduce NOx emissions by at least 15
percent if it is used to retrofit eligible emission-certified engines;

* Reduced-emission engines or retrofit kits must be certified for sale in California and
must comply with durability and warranty requirements. Qualified engines could
include new ARB-certified engines; ARB-certified aftermarket part engine/control
devices; or engines with ARB-approved experimental permits;

-« NOx reductions obtained through this program must not be required by any existing
regulations, memoranda of understanding/agreement, or other legally binding
documents;

e Funded projects must operate for a minimum of 7 years and at least 75 percent of
equipment hours of operation must occur in California;

» The acceptable maximum project life for calculating benefits from off-road projects is
as follows:

Default without Default with

Documentation =~ Documentation
Off-road New ' 10 years " 15vyear
Off-road Repower 7 years 15 years
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A different project life may be selected for approval by ARB staff. However sufficient
documentation must be provided to ARB that supports the selected project life
based on the actual remaining useful life.

e Projects must meet a cost-effectiveness criterion of $13,000 per ton of NOx reduced.

C. Potential Types of Projects

The primary focus of the Carl Moyer Program is to achieve emission reductions from
off-road diesel engines and equipment operating in California as early and as cost-
effectively as possible. The project criteria are designed to ensure that the emission
reductions expected through the deployment of reduced-emission engines or retrofit
technologies under this program are real, quantifiable, and enforceable. A project must
meet a cost-effectiveness criterion of $13,000 per ton of NOx reduced, and/or subject to
a maximum dollar amount to be granted based on the horsepower ratings of the engine.
The project must be operated for at least five years from the time it is first put into
operation and at least 75 percent of the hours of operation must occur in California.

1. Purchase of New Emission-Certified Engines

New off-road engines, 50 horsepower or greater, are required to be certified to a NOx
emission standard of 6.9 g/bhp-hr. In addition to the 6.9 g/bhp-hr NOx emission
standard, the ARB has adopted optional NOx emission credit standards for off-road
equipment that start at 5.0 g/bhp-hr and decrease in 0.5 g/bhp-hr increments. Starting
in 2001, the NOx emission credit standards for off-road diesel equipment will start at
4.5 g/bhp-hr and also decrease in 0.5 g/bhp-hr increments. The Carl Moyer Program
funds the incremental cost of buying new off-road equipment certified to an optional
NOx emission credit standard compared to the cost of buying a new off-road
equipment certified to the current NOx emission standard. Even though off-road
engines certified to an optional NOx emission credit standard are not available now,
they may become available during the life of the Carl Moyer Program.

For some off-road equipment (i.e. yard hostlers, yard goats) it may be possible to
design the equipment with specifications to power the equipment with a new on-road
engine certified to an optional NOx emission credit standard instead of a new off-road
equipment engine. Where this is the case, emission benefits from the baseline engine
would be calculated based on an on-road engine. If an applicant provides ARB with
documentation showing that past practices (the current fleet) is predominantly yard
hostlers powered with off-road engines, then an off-road engine emission factor
baseline would be used.
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2. Repower with Emission-Certified Engines

Purchases of new emission-certified engines to replace uncontrolled engines in existing
equipment are expected to be the most common type of project for off-road diesel
equipment under this program. Eligible off-road equipment repower projects refers to
replacing an older uncontrolied engine with a newer engine certified to either the ’
existing NOx emission standard or to an optional NOx emission credit standard for off-
road diesel equipment.

Eligible off-road equipment repower projects also refer to replacing an emission certified
engine with a newer engine certified to an optional NOx emission credit standard.
Another option, which may be possible for some situations, is to repower off-road diesel
equipment with a new or rebuilt on-road engine certified to NOx emission standard of
6.0 or lower. In addition, ARB could grant, on a case-by-case basis, an experimental
permit for a particular engine with certain technology to operate in California. Funding
under the Carl Moyer program is not available to pay for projects where a spark-ignition
engine (i.e. natural gas, gasoline, etc.) is replaced with a diesel engine.

Off-road equipment repower projects that replace an existing diesel engine with an
eligible reduced-emission diesel engine (either off-road or on-road) are no longer
subject to a maximum grant amount awarded, based on the horsepower category of the
- engine. Based on ARB and district’s experience with the first year of the program the
grant award caps that were placed on this project category prevented projects for
construction and agricultural equipment from being funded. These project
subcategories typically use large equipment with engines that cost above the grant
award caps. Hence funding for off-road repower projects would be based on the cost-
effectiveness limit.

The emission factors under section D of this chapter have been revised to account for
the new OFFROAD model. The new emission factors would prevent some diesel-to-
~ diesel repower projects from qualifying for funding. Hence the emission reduction
requirement for repowers and retrofits, would be modified to 15 percent.

3. Retrofits

 Retrofit means making modifications to the engine and/or fuel system such that the
retrofitted engine does not have the same specifications as the original engine. Retrofit
projects may be applicable to certain off-road diesel engine families. The most
straightforward retrofit projects are those that could be accomplished at the time of
engine rebuild. This might entail upgrading certain engine and/or fuel system
components to result in a lower emission configuration. It is possible that retrofit
technologies that have been used to reduce NOx and PM emissions from on-road
heavy-duty diesel engines could be used to control off-road engine emissions in some
applications. To qualify for funding, the engine retrofit kit must be certified to reduce
NOx emissions to 6.9 g/bhp-hr, or lower, if it is used to retrofit an eligible uncontrolied
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engine. The Carl Moyer Program grants will also apply to retrofit kits that reduce NOx
emissions from emission-certified engines by at least 15 percent.

Staff revised emission factors under section D of this chapter to account for the new
OFFROAD model. The new emission factors would prevent some diesel-to-diesel
retrofit projects from qualifying for funding. So the minimum emission reduction
requirement for repower and retrofit projects has been modified to allow funding for
projects that meet a 15 percent emission reduction requirement.

4. Sample Application
In order to qualify for incentive funds, districts will make applications available and solicit
bids for reduced-emission projects from off-road diesel equipment operators. A sample

application form is included in Appendix D. The applicant must prowde at least the
following information, as listed in Table [11-3. :
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Tabile 111-3
Minimum Application Information

Off-road Projects

1. Air District:

2. Applicant Demographics
Company Name:
Business Type:
Mailing Address:
Location Address:
Contact Number:

3. Project Description
Project Name:
Project Type:
Equipment Function:

4. NOx Reduction Incremental Cost Effectiveness
Analysis Basis: (Mileage/Fuel/Annual Hours)

VIN or Serial Number:
Application: (Repower, Retrofit or New)
Percent Operated in California:

Annual Diesel Gallons Used:

© ® N O o

Annual Miles Traveled:
10. Hours of Operation:

11. Project Life (years):

12. Old Engine information
Horsepower Rating:
Engine Make:
Engine Model:
Engine Year:

13. New Engine Information
Horsepower Rating:
Engine Make:
Engine Modet:
Engine Year:
Fuel Type:

14. NOX Emissions Reductions
Baseline NOx Emissions Factor (g/bhp-hr):
NOx Conversion Factors Used:
Reduced NOx Emissions Factor (g/bhp-hr):
Estimated Annual NOx Emissions Reductions:
Estimated Lifetime NOx Emissions Reductions:

15. Cost ($) of the Base Engine:
16. Cost ($) of Certified LEV Engine:

17. PM Emissions Reductions
Baseline PM Emissions Factor (g/bhp-hr):
PM Conversion Factors Used: ’
Reduced PM Emissions Factor (g/bhp-hr):
Estimated Annual PM Emissions Reductions:
Estimated Lifetime PM Emissions Reductions:

18. District Incentive Amount Requested:

D. Emission Reduction and Cost-Effectiveness

1. Emission Reduction Calculation

In general, the emission reduction benefit represents the difference in the emission level
of a baseline and reduced-emission engine. Proposed emission factors for the baseline
engines are listed in Table lll-4. Proposed emission factors reflect the recently adopted
emissions inventory for off-road large compression-ignited engines, greater than or
equal to 25 horsepower. The OFFROAD model incorporated recent data and reflects
currently adopted regulations. Engine manufacturers applied some of the technology
advancements in the fuel management systems used in 1988 and newer on-road
diesel-powered engine to similar off-road engines. The applicant does have the option
of testing the uncontrolied engine using an ARB approved test procedure to determine
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actual emissions. The maximum allowable baseline emissions for pre-1996 engines as
determined through in-use testing is 13 g/bhp-hr (<175 hp) and 11 g/bhp-hr (>175 hp).

Table 1li-4
Baseline NOx Emission Factors for
Uncontrolled Off-Road Heavy-Duty Diesel Engines (g/bhp-hr)

Model Year 50 -120 hp 120 + hp
Pre - 1988 13 11
1988 — 1996 8.75 8.17

In situations where the model year of the equipment and the model year of the existing
engine are different, the model year of the engine will be used to determine the baseline
emission factor for emission reduction calculations. For off-road equipment (i.e. yard
hostiers, yard goats) design with specifications to power the equipment with a new on-
road engine certified to an optional NOx emission credit standard instead of a new off-
road equipment engine, emission benefits from the baseline engine would be based on
an on-road engine. If an applicant provides ARB with documentation showing that past
practices (the current fieet) is predominantly yard hostlers powered with off-road
engines, then an off-road engine emission factor baseline would be used. The emission
level is calculated by multiplying an emission factor, a conversion factor and an activity
level. Because the conversion factor and the activity level could be different for the
baseline and reduced emission engine, the emission level should be calculated first and
then the difference taken to determine the emission reduction. The examples in the
February 1999 Carl Moyer Program Guidelines, where the emission reductions were
simply based on the difference in emission factors, assumed that there was no change
in the conversion factor or activity level. For off-road equipment, the activity level is
either the annual hours of operation or fuel consumed. Emission reduction calculations
would be consistent with the type of records that would be maintained over the life of
the project.

If the annual hours of operation are the basis for determining the emission reductions,
~ the conversion factor is the horsepower of the engine multiplied by the load factor of the
application and the activity level should be based on the actual hours of the equipment.
The load factor is an indication of the amount of work done, on average, by an engine
for a particular application, given as a fraction of the rated horsepower of the engine.
The load factor is different for each application. If the actual load factor is known for an
engine application, it should be used in calculating the emission reductions. If the load
factor is not known, the proposed default values provided below should be used.
Another variable in determining the emission reductions is the number of hours that the
equipment operates a year. If the equipment is not outfitted with an hour meter then the
hours of operation may not be used for calculating emission reductions. The hour meter
is the required instrument for the applicant to use when providing a district with
estimated annual hours of operation. The adopted OFFROAD emission inventory
model reflects load factors from 0.43 to 0.78 for both heavy-duty diesel engines in
agricultural and construction applications. The default load factor for off-road equipment
in agricultural and construction applications is:
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Default Load factor for
Agricultural and Construction Equipment: 0.43

If the annual fuel consumption is used, an energy consumption factor should be
caiculated and the activity level should be based on actual annual fuel receipts or other
documentation. The energy consumption factor converts the emission factor in terms of
g/bhp-hr to g/gallon of fuel used. There are two ways of calculating the energy
consumption factor: 1) by dividing the horsepower of the engine by the fuel economy in
units of gallons/hour or 2) by dividing the density of the fuel by the brake-specific fuel
consumption of the engine. While actual fuel receipts support the annual fuel
consumption of the baseline engine, the annual fuel consumption of the reduced-
emission engine is an estimate proportionate to the change in the energy fuel
consumption factor. For example, a reduced-emission engine having an energy
consumption factor of 20, replacing a baseline engine which uses 3,696 gallons/year
and has an energy consumption factor of 18.5, would have an estimated annual fuel
consumption of 3,419 gallons/year. Future fuel receipts or equivalent documentation
should be submitted, throughout the project life, as verification of this estimate.

2, Cost-Effectiveness Calculation

The portion of the cost for a repower project to be funded through the Carl Moyer
Program is the difference between the total cost of purchasing and installing the new,
emission-certified engine and the total cost of either rebuilding the existing engine or the
cost of buying a “conventional” replacement engine. :

Only the amount of money provided by the Carl Moyer program and any local district

match funds can be used in the cost-effectiveness calculations. The one-time incentive

grant amount is to be amortized over the expected project life (at least seven years)

with a discount rate of five percent. The amortization formula (given below) yields a

capital recovery factor, when multiplied with the initial capital cost, gives the annual cost
~of a project over its expected lifetime.

Capital Recovery Factor (CRF) = [(1+ " ()]/[ (1+)"-1]
Where, | i = discount rate (5 percent)
n = project life (at least seven years)

The discount rate of five percent reflects the opportunity cost of public funds for the Carl
Moyer Program. This is the level of earning that could be reasonably expected by
investing state funds in various financial instruments, such as U.S. Treasury securities.
Cost-effectiveness is determined by dividing the annualized cost by the annual NOx
emission reductions. Example calculations for off-road equipment projects are provided
below.
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3. Examples

For the purposes of explaining the emission reduction and the cost effectiveness
calculations from a particular off-road equipment project, two examples are presented
below. The first example describes the calculations based on hours of operation,
whereas, the second example describes the calculations based on fuel consumption.

Example 1 — Construction Equipment Repower (Calculations Based on Hours of
Operation). An equipment owner applies for a Carl Moyer Program grant for the
purchase of a new off-road diesel engine rated at 180 hp to replace a 1985 uncontrolled
diesel engine rated at 150 hp used in a construction loader. The owner does not know
the load factor for this application. Both the old and new engine will operate 700 hours
annually and 100 percent of the time in California. The cost of the new emission-
certified diesel engine is $13,400 whereas the cost to rebuild the old engine would be
$8,000. Installation and re-engineering cost (to install the new engine into the existing
equipment) is $3,000.

mission R ion Calculation
Baseline NOx Emission Factor: 11 g/bhp-hr
Reduced NOx Emission Factor: 6.9 g/bhp-hr
Baseline Horsepower: 150 hp
Reduced Horsepower: 180 hp
Baseline Load Factor: 043
Reduced Load Factor: 0.36
Annual Hours of Operation: - 700 hours
% Operated in CA: 100%

Hence, the estimated reductions are:
[(11 g/bhp-hr * 0.43 * 150 hp) — (6.9 g/bhp-hr * 0.36 * 180 hp)] * 700 hrs/year * 100% *
" ton/907,200 g = 0.20 tons/year NOx emissions reduced

-Effectiven Iculati

The annualized cost is based on the portion of incremental project costs funded by the
Carl Moyer Program, the expected life of the project (7 years at a minimum), and the
interest rate (5 percent) used to amortize the project cost over the project life. The
incremental capital cost to the equipment owner for this purchase and the maximum
amount that could be funded through the Carl Moyer Program fund are determined as
follows: ‘

Total installed cost of new engine: $ 13,400+ $ 3,000 = $ 16,400

incremental Capital Cost: $16,400-%$8,000=9% 8,400

Max. Amount Funded: $ 8,400

Capital Recovery: [(1 +0.05)" (0.05)J[(1 + 0.05)" —~ 1] = 0.17
Annualized cost: (0.17)($ 8,400) = $ 1,428/year
Cost-Effectiveness: ($ 1,428/year)/(0.20 tons/year) = $ 7,140/ton
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The project meets the cost-effectiveness limit of $13,000 per ton NOx reduced and
would qualify to receive the entire incrementai cost ($8,400).

Example 2 — Agricuitural Harvester Repower (Based on Fuel Consumption). An
equipment owner applies for a Carl Moyer Program grant for the purchase of a new off-
road diesel engine (2000, 170 hp, 6.9 g/bhp-hr NOx) to replace an uncontrolled diesel
engine (1980, 200 hp, 11 g/bhp-hr NOx) used in a harvester. The installed cost of the
new emission-certified diese! engine is $9,500, whereas, the cost to rebuild and install
the old engine would be $6,900. The new engine will use 4,600 gallons of diesel fuel
annually and will operate 100 percent of the time in California.

ion R ion Calculati
Baseline NOx Emissions: 11.0 g/bhp-hr
Baseline Energy Consumption Factor:  18.5 hp-hr/gal
Baseline Annual Fuel Consumed: 4,600 gallons
Reduced NOx Emissions: 6.9 g/bhp-hr
Reduced Energy Consumption Factor: 21.8 hp-hr/gal
Reduced Annual Fuel Consumed: 3,904 gallons
% Operated in CA: 100%
(ton/907,200 g): Converts grams to tons

Hence, estimated annual NOx reductions are:

[(11.0 g/bhp-hr * 18.5 bhp-hr/gal * 4,600 gal/yr) — (6.9 g/bhp-hr * 21.8 hp-hr/gal * 3,904 gal/yr)] *
1.0 * ton/907,200 g = 0.38 tons/year

The annualized cost is based on the portion of incremental project costs funded by the
Carl Moyer Program, the expected life of the project (5 years at a minimum), and the
interest rate (5 percent) used to amortize the project cost over the project life. The
incremental capital cost to the fleet operator for this purchase and the maximum amount
that could be funded through the Carl Moyer Program fund are determined as follows:

Incremental Capital Cost: $9,500-%$6,900=9% 2,600

Max. Amount funded from Carl Moyer Program: $ 2,600

Capital Recovery: [(1 + 0.05) (0.05))/[(1 + 0.05)" - 1] =0.17
Annualized cost: (0.17)($ 2,600) = $ 442/year
Cost-Effectiveness: _ ($ 442/year)/(0.38 tons/year) = $ 1,163/ton

The project meets the cost-effectiveness limit of $13,000 per ton NOx reduced and
would qualify to receive the entire incremental cost ($2,600).

E. Reporting and Monitoring

The district has the authority to conduct periodic checks or solicit operating records from
the applicant that has received Carl Moyer funds for new engine purchases or for
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equipment repowering or engine retrofit projects. This is to ensure that the equipment is
operated as stated in the program application. Off-road diesel equipment operators
participating in the Carl Moyer Program are required to keep appropriate records during
the life of the project funded. Records must contain, at a minimum, total hours
operated, amount of fuel used, and maintenance and repair information. Records must
be retained and updated throughout the project life and made available at the request of

the district.
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CHAPTER IV.
LOCOMOTIVES

This chapter presents the project criteria for locomotives under the Carl Moyer Program,
along with minor proposed edits. It also contains a brief overview of the locomotive
industry, emission inventory, current emission standards, available control technology,
potential incentive projects eligible for funding, recommended emission reduction
calculations, and estimated cost benefits.

A. Introduction

Over the years, the focus of reducing emissions has been from stationary sources and
on-road vehicles (light-, medium-, and heavy-duty). Off-road sources, such as
locomotives, also contribute to California’s pollution problem and have not been
regulated in California until recently, although locomotives have been subject to various
locally enforced opacity limits. Federal law prohibits California from setting standards
for new locomotives and new engines used in locomotives. Only the USEPA has the
authority to regulate emissions from Iocomotlves and has, in fact, adopted standards
that phase-in beginning in 2000.

Participating railroads proposed to USEPA, and ARB the establishment of a locomotive
fleet average emissions program in the South Coast Nonattainment Area tied to
promulgation of a USEPA National Locomotive Rule. ARB, USEPA and participating
railroads committed to develop this program, known as the South Coast Locomotives
Program, by signing a Statement of Principles (SOP) in May 1997. Following the
signing of the SOP, the railroads, USEPA, and ARB discussed improvements and
refinements of this program. In July 1998, a second agreement was signed that affects
the in-use locomotive fleet in the South Coast Nonattainment area. That agreement is a
Memorandum of Understanding (MOU) signed by the ARB and participating railroads
agreeing to a voluntary locomotive fleet average emissions program that will speed the
introduction of new, lower-emitting engines in the South Coast Air Basin.

1. Emissions Inventory

The primary business of railroads is transportation of freight or passengers.
Locomotives provide line-haul, local (short-line), switchyard, and passenger services. In
California, line-haul transportation is the primary function of the Union Pacific Railroad
Company, and the Burlington Northern and Santa Fe Railway Company. These
companies transport goods between major urban centers, sometimes over 1,000 miles
apart. Reliability is an important factor when transporting goods at large distances.
Locomotive “down-times” could be very expensive and are the cause of a tremendous
loss in revenue. Hence, line-hauls are well maintained, with remanufacture occurring
every seven to eight years.
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Locomotives are well maintained and typically have a long useful life. Line-hauls with
engines over 3000 horsepower (hp) and no longer suitable for line-haul service are
typically designated for other services out of California, or even out of the U.S. Line-
hauls less than 3000 hp that are no longer suitable for line-haul services, are usually re-
assigned to the short-line fleets, and subsequently to the switchyards. Short-lines have
smaller engines than line hauls since these locomotives require less work, carry smaller
loads, and travel shorter distances, generally under 200 miles. Short-lines consist of an
older locomotive fleet, mostly predating the 1973 model year. Switch-yard locomotives
are usually the oldest locomotives, and require the least amount of travel and work.
Switchers typically distribute and re-arrange cars within the terminal and provide
services within the state, usually remaining in the same geographical area.

There are approximately 20,000 locomotives in the U.S and about 1,200 (or six percent)
are in California. Of these 1,200 locomotives, approximately 250 are used as locals,
200 are used in switchyards, 100 are passenger trains, and the remaining 650 are used
as line-hauls.' Locomotives generated approximately 3 to 4 percent of the 1990
baseline NOx emissions in the South Coast Air Basin.? Table V-1 lists baseline NOx
emissions for 1990, 1996, and 2010. The baseline NOx emissions listed in Table IV-1
do not reflect USEPA nationwide emission standards for new and remanufactured
locomotives, or the MOU for the in-use locomotive fieet in the South Coast
Nonattainment area.

Table IV-1
Baseline NOx Emissions ?
(tons/day)
Area 1990 1996 2010
South Coast 30 28 26
Statewide 160 150 140

¥ Emission estimates from the ARB’s emission inventory.

2. ‘Emission Standards

USEPA adopted emission standards for locomotives nationwide in December 1997.
The standards take effect in the year 2000. Federal standards apply to locomotives
originally manufactured from 1973 and any time they are manufactured or
remanufactured. Electric locomotives, historic steam-powered locomotives, and
locomotives originally manufactured before 1973 are not regulated. Table IV-2 contains
the federal exhaust emission standards for locomotives. Emission standards for short-
line and line-hauls are both based on the line-haul duty cycle.
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Table IV-2
Federal Exhaust Emission Standards for Locomotives
Beginning in 2000 for New Engines and at Time ﬂRemanufacture
Duty-cyclc-e Gaseous and Particulate Emissions (g/bhp-hr)
HC ] co | NOx | PM
Tier 0 (1973 — 2001 model years)
Line-haul duty-cycle 1.00 5.0 9.5 0.60
Switch duty-cycle 2.10 8.0 14.0 0.72
Tier 1 (2002 — 2004 model years)
Line-haul duty-cycie 0.55 2.2 7.4 0.45
Switch duty-cycle 1.20 2.5 11.0 0.54
Tier 2 (2005 and later model years)
Line-haul duty- cycle 0.30 1.5 5.5 0.20
Switch duty-cycle 0.60 2.4 8.1 0.24

USEPA, Final Emissions Standards for Locomotives, EPA420-F-97-048, December 1997

3. Control Teéhnology

Although locomotives and their engines are expensive, they are designed to last a long
time. Typical lifetimes are between 25 and 30 years. Over this life, they are overhauled
several times and, perhaps, re-engined once. For the most part, locomotive engines
are well maintained and the emissions associated with these engines typically remain
the same over their lifetime. ‘

The desire to improve fuel economy.has influenced the development of more advanced
locomotive technologies. Locomotive exhaust emission levels have generally been
reduced with the development of new engine technologies. These technologies are
somewhat similar to those for on-road heavy-duty vehicle control technology.
Technologies include, but are not limited to, turbocharging and aftercooling for NOx
control, and improved fuel injection and combustion chamber design for PM and HC
control. '

B. Project Criteria

- The project criteria for locomotives under the Carl Moyer Program have been designed
to provide districts with a list of minimum qualifications that must be met by applicants in
order for a reduced-NOx locomotive project to qualify for funding. These criteria will
provide districts and program operators with calculations that must be used for
determining emission reductions and cost effectiveness resulting from reduced-NOx
locomotive projects. Reduced-NOx locomotive engine projects that include new,
repowered, or retrofitted locomotive engines will be considered and closely evaluated as
qualifying for incentive funding. For the most part the criteria for selecting a project will
depend on the amount of emission reductions, cost effectiveness, and the potential for
the project to materialize within a realistic timeframe. New criteria have been added in

44



98

order to normalize the selected project life of a locomotive project. In general,
locomotive projects that meet the following criteria would qualify for funding.

C.

Any emission reductions achieved through the application of Carl Moyer Program
funds cannot be credited toward compliance with the 1998 MOU in the South Coast;

NOx reductions for all other districts must beyond what is required by any federal,
local regulations, or other legally binding document;

Engines must be tested according to the most current USEPA test procedures for
Locomotives.

Pre-1973 model year (MY) locomotives — must test to 15 percent below uncontrolied
baseline NOx emissions;

1973 and later MY locomotives — must test to Tier 1 or Tier 2 federal locomotive
NOx standards:

The acceptable maximum project life for calculating project benefits are as follows:

Default without Default with
Documentation =~ Documentation
A new locomotive project 20 years 30 years
A repower or retrofit project 20 years 30 years

A different project life may be selected for approval by ARB staff. However sufficient
documentation must be provided to ARB that supports the selected project life
based on the actual remaining useful life. '

Reduced emission levels must be maintained for a minimum of 5 years;
Seventy-five percent of estimated annual ton-miles traveled must occur in California;

Seventy-five percent of estimated annual fuel consumption must occur in California;
and :

Cost effectiveness must be no more than $13,000 per ton of NOx reduced.

Poténtial Types of Projects

Typical projects that would qualify for incentive funding under this program would
include repowering a locomotive engine to a reduced-NOx configuration, use of a retrofit
kit to lower engine NOx emissions, or the purchase of new, reduced-NOx engines.
Repowering and retrofit projects are not limited, and could include use of control
technologies that involve selective catalytic reduction (SCR), dual-fuel natural gas
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engine retrofits, or even turbocharging and aftercooling. There are also reduced-
emission technologies (such as engine retrofit or new engine technologies) that hold
promise for the future, but are not yet commercially available or certified for sale in
California. ARB could approve test data for these technologies on a case by case
basis. Beginning in the year 2000, when the federal standards go into effect, ARB could
grant an experimental permit for a particular engine with certain technology to operate in
California. However, all projects will be evaluated carefully to determine whether or not
NOx reductions could indeed occur.

Reliability of a line-haul engine is extremely important. Since some of the control
technologies are costly and have not been in wide use for locomotive engines, line-haul
participation in the Carl Moyer Program is not expected until these technologies are
proven effective and reliabie on passenger, short-line, and switcher locomotive engines.
Therefore, the ARB expects that reduced-NOx locomotive projects would be limited to
passenger, short-line, or switchyard locomotives.

1. Repowers

Repowering could occur during engine remanufacture by exchanging a locomotive’s old
engine for a newer, lower-emission engine. According to these criteria the amount of
funding granted and final project qualifications must be based on the amount of
emissions reduced and a cost effectiveness of at most $13,000 per ton. Thereis no
cap on the amount of funding received. However, in order to qualify for funding,
locomotive engines must test to a reduced-NOx emissions level according to USEPA
test procedures for locomotives. The reduced- NOx emission level must be maintained
for a minimum of 5 years (project life).

Projects submitted for pre-1973 MY locomotives must show that engine NOx emissions
will be reduced by a minimum of 15 percent below the uncontrolled baseline NOx
emissions for pre-1973 MY, as listed in Table IV-3, below. Since there are no line haul
locomotives in service in California with pre-1973 engines, these projects are likely to be
for switchers. Projects submitted for 1973 and later MY locomotive engines must
consist of engines tested to the federal Tier 1 or Tier 2 locomotive NOx standards as
listed in Table 1IV-3, below. Engine tests must be conducted according to the Federal
Test Procedures for locomotives. |If additional funding is available beyond the calendar
year 2001 to continue the Carl Moyer Program, criteria for project NOx |ImItS will be
modified to reflect the current federal standards.
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Table IV-3
Baseline NOx Emission Factors and Maximum NOx Limits
(g/bhp-hr)

Engine Model Year Source Line-haul | Switcher
Pre-1973 Uncontrolied Baseline 162 ° 16.9°
Emission Factor
1973 and later Baseline Emission Factor 9.5 14.0
1973 and Later NOx Limit — Federal Tier 1 7.4 11.0
NOx Limit — Federal Tier 2 55 8.1

a. There are no line haul locomotives in service in California that are pre-1973, baseline emissions are listed for shori-line
locomotives only.
b. ARB emission rates are average estimates based on data provided by engine manufacturers.

2. Retrofits

Retrofit involves hardware maodifications to the engine, so the engine has lower
emissions. The conversion could occur by adding on control equipment to convert the
engine to a reduced-NOx engine technology. This technology could include conversion
to an alternative fuel locomotive engine. The amount of funding granted and the final
project qualifications must be based on the amount of emissions reduced and a cost
effectiveness of at most $13,000 per ton. Similar to repowers, in order to qualify for
funding, locomotive engines must test to a reduced-NOx emissions level according to
USEPA test procedures for locomotives. As with repowers, the tested emission level
must be maintained for a minimum of 5.years (project life).

The maximum allowable NOx levels for line-haul and switchers using retrofit kits will be
the same as for repowers. Projects submitted for pre-1973 MY locomotives must show
that engine NOx emissions will be reduced by a minimum of 15 percent below the
uncontrolied baseline NOx emissions as listed in Table IV-3, above. Projects submitted
for 1973 and later MY locomotive engines must consist of engines tested to the federal

- Tier 1 or Tier 2 locomotive NOx standards as listed in Table IV-3, above. Once again, if

additional funding is available beyond the calendar year 2001 to continue the Carl
Moyer Program, criteria for project NOx limits will be modified to reflect the current
federal standards.

3. Sample Project Application Forms
Iin order to qualify for incentive funds, districts will make applications available and solicit
bids for reduced-emission projects from railroads. A sample application has been

provided in Appendix E. The applicant must provide at least the following information,
as listed in Tabie IV-4 below:
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Tabie V4
Minimum Application Information
Locomotive Projects

—

1. Air District: ‘ 8. NOx Reduction Incremental Cost Effectiveness
Analysis Basis: (Mileage/Fuel/Hours of Operation)
2. Applicant Demographics

Company Name: 9. VIN or Serial Number:
Business Type: _ -
Maiiing Address: 10. Application: (Repower, Retrofit or New)
Location Address:
Contact Number: 11. Percent Operated in California:

3. Project Description 12. Percent Operated in Air District:
Project Name:
Locomotive Type: 13. Annual Diesel Gallons Used:
Engine Type:
Vehicle Class: 14. Fuel Consumption Rate:

‘| 4. Annual Ton-Miles: ‘ : .| 15. NOx Emissions Reductions

) . Baseline NOx Emissions Factor (g/bhp-hr):
5. Project Life (years): NOx Conversion Factors Used:
Reduced NOx Emissions Factor (g/bhp-hr):

6. Old Engine Information Estimated Annual NOx Emissions Reductions:

Horsepower Rating: : . et e e
Engine Make: Estimated Lifetime NOx Emissions Reduqtlons.
Egg::: Q"ggﬁ " 16. Cost ($) of the Base Engine:

7. New Engine. Informa.tion ' 17. Cost (3) of Certified LEV Engine:
Eﬁ;?ﬁg‘,{‘,{;ﬁ{ef‘a“"g' : " | 18. PM Emissions Reductions
Engine Model: Baseline PM Emissions Factor (g/bhp-hr):
Engine Year: ~ PM Conversion Factors Used:
Fuel Type: Reduced PM Emissions Factor (g/bhp-hr):

Estimated Annual PM Emissions Reductions:
Estimated Lifetime PM Emissions Reductions:

19. District incentive Grant Requested:

D. Emission Reduction and Cost—Effectivgness

Control costs for locomotives differ greatly, depending on the particular scenarios and
technology involved in any individual case. Preliminary cost evaluations of some
reduced-NOx controls for locomotive engines indicate that the capital costs can be high
(although less than purchasing a new engme) whereas some cost evaluations indicate
that others could actually create a cost savings to locomotives. The amount of incentive
funds granted depends on the amount of emission reductions. Only the portion of the
incremental cost that meets a cost effectiveness of at most $13,000 per ton of NOx
reduced will qualify for incentive funding.
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1. Emission Reduction Calculation

Emission reductions for locomotives will be based on annual fuel consumption or hours
of operation, and percent operated in California. If the applicant provides annual hours
of operation, a fuel consumption rate must also be provided. Annual emissions must be
estimated for the baseline engine and the new engine separately, taking into
consideration baseline activity levels as compared with future activity levels. Annual
emissions for each engine are calculated by multiplying the NOx emission factor by the
energy consumption factor of 20.8 bhp-hr/gal, and the estimated annual fuel
consumption. The results for both engines are subtracted, multiplied by the percent
operated in California, then converted to tons.® If annual hours of operation are
provided, the annual fuel consumption is calculated by muitiplying the fuel consumption
rate by the annual hours of operation. The following formulas must be used when
calculating project NOx reductions.

Annual NOx Reductions (tons/year) =
[(Ann. Fuel Cons. * Fuel Cons. Factor * Baseline NOx Emissions) —
(Ann. Fuel Cons. * Fuel Cons. Factor * Reduced NOx Emissions)] *
% operated in CA * ton / 907,200 grams

Where,

Ann. Fuel Cons = Estimated Annual Fuel consumption for the retrofitted
engine(gal/year). If not known, provide annual hours of
operation and a fuel consumption rate.

Assumed Fuel Consumption Factor of 20.8 bhp-hr/gal

NOx Emission factor from the old engine in g/bhp-hr

Reduced NOx Emissions NOx Emission factor from the new engine in g/bhp-hr

% operated in CA - The percent of time operated in California

(ton/907,200 g) Converts grams to tons

Fuel Cons. Factor
Baseline NOx Emissions

2. Cost Effectiveness Calculation

The cost benefits are based on the incremental capital cost, any matching funds that
were used to fund the project, the expected life of the project, the interest rate (five
percent), and estimated annual NOx reductions in a particular district. The discount rate
of five percent reflects the opportunity cost of public funds for the Carl Moyer Program.
This is the level of earning that could be reasonably expected by investing state funds
and is based on the most recent published interest rates on U.S. Treasury securities.

Incremental costs are determined by considering the difference between the capital cost
to remanufacture an engine to its original configuration (without improved control
technology) and the capital cost to repower/retrofit the engine with new control
technology. The incremental capital cost is annualized using a five percent interest
rate. Incremental costs are divided by the annual NOx reductions in a district, and
multiplied by a capital recovery factor. This calculation will result in annualized project
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cost benefits. Larger NOx reductions could resuit in better cost benefits, depending on
the amount of project incremental cost. Cost benefits can be calculated using the
following formulas:

Incremental Project Cost = (Aft. Proj. Cap. Cost) - (Bef. Proj. Cap. Cost)

Where,

Aft. Proj. Cap. Cost = capital costs for reduced-NOx engine
Bef. Proj. Cap. Cost = capital costs for the rebuilt engine without the upgrade

Maximum Amount Funded = (Incremental Project Cost) - (Match Funds)

Where,

Match Funds = ‘ Any matching funds
Capital Recovery Factor = [(1+"@1/(1+0"=-1]
Where,

i= discount rate (5 percent)

n= project life (at least five years)

Annualized Cost = [(Maximum Amount) + (Match Funds)] * (Capital Recovery Factor)
Cost-Effectiveness = (Annualized Cost) / (Annual NOx Reductions)

Where,

Annual NOx Reductions = Calculated NOx reductions (tons/year)

3. Examples

For the purposes of explaining the emission reduction and the cost effectiveness
calculations from a locomotive engine project, two examples are presented below. The
first example describes the calcuiations based on fuel consumption, whereas the
second example provides an explanation for the calculations based on hours of
operation. ‘

Example 1 — Locomotive Engine Retrofit: Consider an operator faced with the
opportunity to convert one locomotive engine, perhaps during the normal remanufacture
period. In this case, the railroad applies for funding for a locomotive compressed
natural gas retrofit kit for a 1972 short-line engine. The retrofit kit reduces uncontrolled
“emissions by 30 percent. Since it is usually about seven years until the next
remanufacture, the project life is seven years. The railroad company estimates the
remanufacture of the engine without the retrofit kit to be about $890,000. The upgrade,
however, is more expensive, and will cost a total of $920,000. The railroad ailso
estimates that the annual fuel consumption for this engine in California would be
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approximately 60,000 gals. Emission reductions are calculated using the formula listed
in section D1, above, as follows:

Annual Fuel Consumption: 60,000 gals/year

Baseline NOx Emissions: 16.0 g/bhp-hr

Reduced NOx Emissions: 11.2 g/bhp-hr (30 percent reduction from 16.0 g/bhp-hr)
Fuel Cons. Factor: 20.8 bhp-hr/gal

% operated in CA: 100%

(ton/907,200 grams): converts grams to tons

Estimated annual NOx reductions are:

[(60,000gal/year * 20.8 bhp-hr/gal * 16 g/bhp-hr) — (60,000 gal/year * 20.8 bhp-hr/gal 11.2
g/bhp-hr)] * 1 *ton /907,200 g) = 6.6 tonsl/year

Using the formulas in section D2, above, and the cost assumptions provided earlier in
this section, the capital costs, the incremental costs and benefits can be calculated as
follows:

Capital Costs for remanufacture without Upgrade $ 890,000
Capital costs for remanufacture with retrofit kit $ 920,000
District Matching funds $ 0
Incremental Project Cost: ($ 920,000 - $ 890,000) = $ 30,000
Maximum Amount Funded: ($ 30,000-%0)=$% 30,000

Capital Recovery Factor: [(1 + 0.05) (0.05))[(1 +0.05) —1] = 0.17
Annualized Cost: ($ 30,000+ %$0)*(0.17) = $ 5,100/ year
Cost Effectiveness: ($ 5,100/ year) / (6.6 tons/year) = $ 773/ ton

The cost effectiveness for the example is less than $13,000 per ton of NOx reduced.
This project would qualify for the maximum amount of grant funds.

Example 2 — Locomotive Engine Replacement: Consider an operator faced with the
opportunity to replace a short-line locomotive engine, perhaps during the normal
remanufacture period. In this case, the railroad applies for funding for a short-line
locomotive to replace a 1983 short-line engine (9.5 g/bhp-hr NOx) with a liquefied
natural gas (LNG) engine (4.0 g/bhp-hr NOx). The railroad company estimates a
project life of 20 years for the LNG engine. The railroad company also estimates the
normal remanufacture costs for the engine to be about $890,000. The LNG upgrade,
however, is more expensive, and will cost a total of $1.2 million. The railroad also
estimates that the annual hours of operation for the new engine to be 1000 hours per
year, with an average fuel consumption rate of 260 diesel equivalent gallons per hour.
Emission reductions are calculated using the formula listed in section D1, above, as
follows:

Annual Fuel Consumption: 1000 hrs/yr * 260 gals/hr = 260, 000 gals
Baseline NOx Emissions: 9.5 g/bhp-hr
Reduced NOx Emissions: 4.0 g/bhp-hr
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Energy Consumption Factor: 20.8 bhp-hr/gal

% operated in CA: 100%
(ton/907,200 grams): ‘ converts grams to tons

Estimated annual NOx reductions are:
[(260,000 gal/year * 20.8 bhp-hr/gal * 9.5 g/bhp-hr) - (436,800 gal/year * 20.8 bhp-hr/gal * 4.0
g/bhp-hr)] * 1 * ton / 907,200 g = 16.6 tons/year

Using the formulas in section D2, above, and the cost assumptions provided earlier in

this section, the capital costs, the mcremental costs and benefits can be calculated as
follows:

Capital Costs for remanufacture without Upgrade $ 890,000
Capital costs for LNG engine $1,200,000
Matching funds $ 0
Incremental Project Cost: $ 1,200,000 - $ 890,000 = $ 310,000

Maximum Amount Funded: - $ 310,000-%$0=$ 310,000

Capital Recovery Factor: [(1 + 0.05)%° (0.05)}/[(1 + 0.05)*° - 1] = 0.08
Annualized Cost: ($ 310,000 + $ 0) * (0.08) = $ 24,875/ year

Cost Effectiveness: ($ 24,875/ year) / (16.6 tons/year) = $ 1,498/ ton

The cost effectiveness for the example is less than $13,000 per ton of NOx reduced.
This project would qualify for the maximum amount of grant funds ($310,000).

E. Reporting and Monitoring

The district has the authority to conduct periodic checks or solicit operating records from
the applicant that has received Moyer funds for each retrofitted/repowered locomotive
engine. This is to ensure that the engine is operated as stated in the program
application. Hence the applicant must maintain operating records and have them
available to the district upon request. Records must contain, at minimum, locomotive
identification numbers, retrofit hardware model and serial numbers, estimated annual
fuel consumption in the California, hours of operation in California, hours in idle, and
maintenance/repair dates (or any type of servicing information), and any emission
testing results. Records must be retained and updated throughout the project Ilfe and
made available for district inspection.

F. References
1. Controlling Locomotive Emission in California: Technology, Cost-Effectiveness,
- and Regulatory Strategy, Chris Weaver and Douglas McGregor, Engine, Fuel,
and Emissions Engineering, Inc., March 1995.

2. Locomotive Emission Study California Air Resources Board, Booz, Allen, &
Hamilton, January 1991.

3. Emission Factors for Locomoﬁves, USEPA, EPA420-F-97-051, December 1997.
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CHAPTER V.
MARINE VESSELS

This chapter presents the project criteria for marine vessels under the Carl Moyer
Program, along with minor proposed edits. It also contains a brief overview of the
marine vesse! industry, NOx emission inventory based on emissions calculated for the
South Coast Air Basin, current emission standards, available control technology,
potential incentive projects eligible for funding, recommended emission reduction
calculations, and estimated cost benefits.

A. Introduction

Marine vessel engines contribute to emissions of NOx, HC, CO, PM, and SOx. Marine
vessel traffic consists of foreign and domestic (U.S. based) fleets. Emissions from
marine vessel engines are generated in California during vessel trave! through defined
California coastal waters, vessel calls on California ports, as well as from other vessel
activities in and near the ports such as fishing, tugboat operations and work boats. The
coastal water boundary for California consists of a range from 27 miles off of the
California coast at the narrowest, to 102 miles off the coast at the widest (Figure V-1
shows this boundary). There have been recent actions on both the international and
national level to address the emissions from marine vessel engines. While some
strategies being discussed for the South Coast Air Basin may generate emission
reductions in the near-term, the full effects from the international and national emission
control programs won't be realized for many years since these regulations apply, with
certain exceptions, to new engines.

The Carl Moyer Program presents a timely opportunity to realize emission reductions
from marine vessels within the next 2-5 years. By providing marine vessel owners with
incentive funds for voluntarily reducing NOx emissions from marine vessel engines
before mandated regulatory controls are effective, this program has the potential to
generate near-term emission reductions from the marine fleet. These emission
reductions, in turn, will benefit the local air quality districts’ efforts to meet the heaith
based air quality standards.

1. Emission Inventory

The marine vessel source category includes ocean-going vessels and harbor vessels
exclusive of those used in recreational activities. Marine vessel fleets range in power,
from approximately 500 to 67,000 horsepower. Marine vessels, for the most part, are
propelled by diesel engines and to a smaller extent by steam turbines, or gas turbines.
In 1993, approximately 95 percent of the vessels calling on the San Pedro Bay Ports
were propelled by diesel engines, with the remaining 5 percent propelled by steam
turbines.. Typical lifetime for a marine vessel engine is approximately 30 years, with
rebuilds occurring about every five years.
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Figure V-1  Coastal water boundaries from the California Air Resources Board's
Report to the California Legislature on Air Pollutant Emissions from Marine
Vessels, 1984
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The emission inventory for the South Coast Air Basin shows significant NOx emissions
from ocean-going vessels, tug boats, harbor vessels, fishing vessels, U.S. Navy and
coast Guard, and transiting vessels. In 1993 approximately 1,500 vessels made 5,500
calls on the San Pedro Bay Ports in the South Coast. Approximately 94 percent of the
1,500 vessels were foreign and six percent were U.S. vessels. Estimated emissions
from these engines are calculated for both the main engines and the auxiliary power
engines operating in either or ali of the following modes:

e Cruising,
e Maneuvering, and
e Hotelling

Baseline NOx emissions for 1990 are estimated to be approximately 32 tons per day in
the South Coast Air Basin (SCAB). In 2010, NOx emissions are expected to be
approximately 52 tons per day in the SCAB which is approximately eight percent of total
mobile source NOx emissions for that year. Table V-1 lists 1990, 1996, and 2010
estimated NOx emissions from marine vessel engines in the South Coast and
statewide.

Table V-1
Baseline NOx Emissions

— (tons/day) ‘
Area 1990 1996 2010

South Coast 32 . 41 52

Statewide - b8 66 79

Emission estimates from the ARB'S emission inventory.

2. Emission Standards

At the international level, the International Maritime Organization (IMO) adopted Annex
- VI to the International Convention for the Prevention of Poliution from Ships (MARPOL
73/78). This protocol, which is expected to be sighed by more than 15 countries
representing over 50 percent of the commercial tonnage woridwide, will reduce NOx
emissions from new engines installed on ships after January 1, 2000. MARPOL 73/78
prevents USEPA from setting lower emission standards for engines on marine vessels
traveling to or from foreign countries. USEPA has the authority to propose marine
vessel standards for domestic vessels that remain in national waters. As such, USEPA
adopted marine standards in December 1999 for domestic vessels not subject to IMO
standards. Table V-2 lists the IMO standards for NOx emissions.
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Table V-2
IMO NOx Standards
Effective January 1, 2000
Engine Speed, n NOx (g/kW-hr) NOx (g/bhp-hr)
N <130 17 : 12.7
1 45*n7*
130<n<2000 | =17.0at130rpmand 9.8at | =12.7at 130 rpm and 7.3 at
1999 rpm 1999 rpm
n = 2000+ 9.8 7.3
Source: USEPA, 40 CFR Part 89, Control of Emissions of Air Pollution from New Ci Marine Engines at or above 37 Kilowatts, May

11, 1998.

At the national level, the USEPA adopted regulations in December 1999 to limit the
emissions from domestic vessels not subject to the IMO standards. The adopted
federal marine standards sets challenging emission standards for marine diesel engines
that are similar to land-based nonroad or locomotive engine (with displacement up to 30
liters per cylinder). These USEPA adopted NOx standards take effect starting between
2004 and 2007, depending on the size of the engine, and supersede the requirements
by the IMO. As a new approach, engine manufacturers need to demonstrate
compliance with the emission standards over a variety of operating conditions. These
“off-cycle” requirements become effective with the new emission standards. In addition,
the USEPA has been exploring potential control options for reducing the emissions from
marine vessels in the South Coast Air Basin to fulfill USEPA’s obligation for Measure 13
(M-13) in the 1994 Ozone State implementation Plan. These discussions have focused
on a wide variety of emission reduction strategies including operational controls in the
basin such as voluntary speed reduction and moving of the shipping channels as well
as port infrastructure improvements and strategies to retrofit engines on harbor vessels.
Table V- 3 lists the USEPA standards for NOx emissions.
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Table V-3
USEPA NOx Standards
Displacement Starting | NOX (a/kW-hr) | NOx (g/bhp-hr)
(liters/cylinder) Date
Power > 37 kW 2005 7.3 54
Displacement <0.9 '
0.9 < Displacement < 2.5 2004 70 5.2
2.5 < Displacement <5.0 | 2007 7.0 5.2
5.0 < Displacement <15 2007 7.7 5.7
15 < Displacement <20 2007 \ 8.6 6.4
Power <3300 kW _ ‘ '
15 < Displacement < 20 2007 9.6 7.2
Power > 3300 kW '
20 < Displacement < 25 2007 9.6 7.2
25 < Displacement < 30 2007 10.8 _ 8.1
Source: USEPA, 40 CFR Part 89, Control of Emissions of Air Poliution from New Cl Marine Engines at or above 37 Kilowatts,

December 29, 1999,
3. Control Technology

Marine vessel engines in tugboats and fishing vessels are very similar to locomotive
and heavy-duty truck-type engines. Marine vessel engines are costly and designed to
last a long time. Typical lifetimes are about 30 years. Over this period, engines are
overhauled at regular five-year intérvals. Since they are often overhauled regularly,
applying control technologies at the point of overhaul would be the least disruptive and
least costly approach. The technology required to meet lower NOx emissions are
somewhat similar to those for on-road heavy-duty vehicle and locomotive control
technology. . Technologies include exhaust after-treatment, and advanced technologies
that have been applied to on-road engines. Dual fuel natural gas retrofit kits are
available that could lower NOx emissions from marine vessel engines (fishing boats) by
about 30 to 40 percent. Selective catalytic reduction (SCR) which is used for land
based applications, could also be used on vessels. There are about elght marine
vessels operating with SCR.

B. Project Criteria

The project criteria for marine vessels under the Carl Moyer Program are designed to
provide districts with a method for evaluating reduced-NOx marine vessel projects that
are submitted to them for receiving incentive funding. Reduced-NOx marine vessel
engine projects that include new, repowered, or retrofitted engines will be considered
and closely evaluated as qualifying for incentive funding. For the most part the criteria
for selecting a project depends on the amount of emission reductions, cost
effectiveness, and the potential for the project to materialize within a realistic timeframe.
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These criteria also provide districts and progrém operators with calculations that must
be used for determining emission reductions and cost effectiveness resulting from
reduced-NOx marine vessel projects.

The project criteria have been revised to include two new criteria. 1) a maximum
allowable project life in order to normalize the project life selected for a marine vessel
project; and 2) a boundary where emission benefits would be determined for marine
vessel projects funded under the Carl Moyer Program. Marine vessel projects
qualifying for evaluation would need to meet the following criteria:

e At minimum 15 percent reduction in NOx emissions from uncontroiled baseline
emissions for repowers and at minimum 30 percent reduction for new purchases

e Emission reductions must be beyond what is requnred by any, national or
international regulations;

* NOx emissions must be validated according to USEPA test procedure 1SO8178-
4:1996(E), 8.5, Test Cycle Type E — Marine Applications.

» When the horsepower rating of the new engine differs from that of the existing
engine by 25 percent, the difference in the rating must be taken into account in the
emission reduction calculation by multiplying the estimated emissions from the new
engine using the following factor:

Modified Emissions = Egpw *  Rating of new engine

Rating of old engine

where, Epew = the emissions from the new engine

¢ Reduced emission levels must be maintained for a minimum of 5 years; and

« Cost effectiveness no more than $13,000 per ton of NOx reduced in California
Coastal waters. '

e The acceptable project life for calculating project benefits from marine vessels are as
follows:

Default without Default with
Fishing/Other Small Vessels — 10 years 20 years
FerriesfTugs/Large Vessels - - 20 years 30 years

A different project life may be selected for approval by ARB staff. However sufficient
documentation must be provided to ARB that supports the selected project life
based on the actual remaining useful life.
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» Associated project benefits calculated for marine vessels funded under the Carl
Moyer Program must be based on the amount of time a marine vessel operates
within the district’s emission inventory boundary (distance away from shore). If a
local district has not established an emission inventory boundary, ARB staff has set
a defauit value of 10 miles off shore.

C. Potential Types of Projects

Since many ocean-going vessels do not call on ports frequently during the year,
controls may not be as cost effective for these vessels. For the most part, cost effective
projects will be those that include controls incorporated on vessels that frequent the
ports or remain in the harbor. These types of vessels include, but are not limited to,
tugs, crew/supply boats, and fishing boats. Typical projects that would qualify for
incentive funding under the Carl Moyer Program for marine vessels would include the
use of retrofit kits or repowers to lower NOx emissions, the purchase of new reduced-
NOx marine engines, or the purchase of reduced-NOx portside equipment. However,
projects where gasoline (i.e. natural gas or gas) engines are replaced with new diesel
engines or diesel engines are replaced with gasoline engines (excluding natural gas)
are not eligible for Carl Moyer Program funds.

Projects consisting of new marine vessel engines that produce reduced-NOx emissions
would also be considered for funding. However, incremental costs for new engines may
be too high to qualify this type of project as cost effective.

Projects consisting of reduced-NOx portside equipment could also be considered for
incentive funds. These types of projects would be less costly, compared to marine
engine control. However, NOx emission reductions and cost effectiveness would
depend on the amount of operation hours from these types of equipment. The types of
equipment, as well as the extent of operation, could vary considerably in each port.
Hence, these types of projects would need to be evaluated individually to determine the
project eligibility.

1. Repowers & Retrofits

Repowering could occur during engine rebuild by exchanging a marine vessel’s old
engine for a newer, lower-emission engine. Retrofit involves hardware modifications to
the engine, so the modified engine emits lower emissions. The conversion could occur
by adding on control equipment to convert the engine to a reduced-NOx engine
technology. In both cases, funding eligibility will be evaluated based on the amount of
emissions reduced and a maximum cost effectiveness of $13,000 per ton. Furthermore,
the cleaner engine would need to test to an emission limit that is at least 15 percent
lower then uncontrolled baseline NOx emissions. If a baseline emission limit is not
provided by the applicant, an average baseline uncontrolled emission factor will be used
when calculating emissions. These factors were provided to ARB by the SCAQMD and
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are listed in Tables V-4 through V-7. The emission leve!l will have to be maintained for
the project life.

The emission factors listed in Table V-4 apply to engines in the original engine
manufacturer (OEM) configuration. If the engine has been modified to produce lower
NOx emissions for any reason, these factors are not applicable. For engines modified
from the OEM configuration, baseline emission factors must be based on in-situ source
test data. In lieu of using the emission factors listed in Table V-4, baseline emissions
may still be determined by using ARB approved in-situ source testing. If source testing
is performed, test results must be used even if testing indicates lower or higher
emission factors than the default factors listed. The maximum acceptable value of a
baseline emission factor derived from in-situ source testing is 20 g/bhp-hr.

Table V4
Harbor Vessel Emission Factors — Medium Speed Diesels
(g/bhp-hr)
Emissions 2 Stroke® 2 Stroke® 4 Stroko:aF 4 Stroke
Configuration Naturally- | Turbocharged | Naturally- | Turbocharged®,
Aspirated (g/bhp-hr) Aspirated | Turbocharged/
(g/bhp-hr) (g/bhp-hr) Aftercooled
(g/bhp-hr)
Uncontrolied (Pre 14° ' 11 8 7
1980)
Off-highway 1980+ » -
(Pre-EF1) 8 7 7 6
Notes: a. 2 Stroke = Typically DDC-53 or —71 series
b. 4 Stroke = Cat/Cummins and others
c. The 14 g/bhp-hr baseline is listed for EMD engines used in marine applications
d.  EFI = Electronic Fuel Injection
‘ Table V-5
Marine Vessel Emission Factors for all Design Categories
(Ibs/1000 gal) _
Propulsion Cruise Maneuvering
Type Speed Baseline NOx Baseline NOx
Motorship Slow Speed (2 Stroke) 616 616
: Medium Speed (4 Stroke) 403 403
Steamship 64 56
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Table V-6
Marine Vessel Auxiliary Power Emission Factors for all Design Categories
L — (Ibs/hour)
Vessel Type Propulsion Type Auxiliary Power Baseline NOx
All Motorship Engines 22
Boilers 4
Steamship Main Boilers 29
Table V-7
U. S. Navy Ship Emission Factors
(Ibs/1000 gal) —
Vessel Type ‘ Baseline NOXx
Motorship- 652
Steamship 64

2. Portside Equipment Repowers & Retrofits

Projects that consist of portside equipment engine repowers and retrofits could also
qualify for incentive funds. Similar to marine vessel engine repowers and retrofits, these
projects will be evaluated based on the amount of emissions reduced and a cost
effectiveness of at most $13,000 per ton.. However, the cleaner engine would need to
reduce NOx emissions to levels as described in the off-road equipment section of the
Carl Moyer Program. In addition, the new certified emission level will have to be
maintained for the project life.

3. Sample Project Application Forms
" In order to qualify for incentive funds, districts provide project applications and solicit
bids for reduced-emission projects from marine vessel owners. A sample application

has been provided in Appendix F. The applicant must provide at least the following
information, as listed in Table V-8. -
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Table V-8 ‘
Minimum Application Information
Marine Vessel Projects

1. Air District:

2. Applicant Demographics
Company Name:
Business Type:
Mailing Address:
Location Address:
Contact Number:

3. Project Description
Project Name:
Vessel Type: (passenger ship, ferry, fishing
boat, tug boat, etc.)
Propulsion Type:(motorship or steamship)
Engine Function:
Ship Service Speed:
Ship Deadweight Tonnage (DWT):

4. Avg. fuel consumption (gallons) per port call for
each service mode
Cruise:
P-zone Cruise:
Maneuvering:
Hoteliing:

5. Annual number of Port Calls in California:

6. Avg. time (hours) per port call in each service
mode, and fuel consumption rate
Cruise:
P-zone Cruise:
Maneuvering:
Hotelling:

7. Ave. fuel consumption (gallons) per port cail for
Auxiliary Power
a) Boilers (motorship)
b) Engines (motorship)
¢) Main boilers (steamship)

8. Application: (Repower, Retrofit or New)

9.

10.
1.

12.

13.

14.

15.
16.
17.

18.

Percent Operated within districts emission
inventory:

Project Life (years):

Average Nautical Miles per port call within
California coastal water boundary:

Old Engine Information
Horsepower Rating:
Engine Make:
Engine Modet:
Engine Year:

New Engine Information
Horsepower Rating:
Engine Make:
Engine Model:
Engine Year:

Fuel Type:

NOX Emissions Reductions
Baseline NOx Emissions Factor (g/bhp-hr):
NOx Conversion Factors Used:
Reduced NOx Emissions Factor (g/bhp-hr):
Estimated Annual NOx Emissions Reductions:
Estimated Lifetime NOx Emissions Reductions:

Cost ($) of the Base Engine
Cost ($) of Certified LEV Engine:

PM Emissions Reductions
Baseline PM Emissions Factor (g/bhp-hr):
PM Conversion Factors Used:
Reduced PM Emissions Factor (g/bhp-hr):
Estimated Annual PM Emissions Reductions:
Estimated Lifetime PM Emissions Reductions:

District Incentive Grant Requested:

D. Emission Reductions and Cost-Effectiveness

1. Emission Reduction Calculation

Emission reductions for marine vessel engines are based on annual fuel consumption,
and percent operated in within a district's emission inventory boundary. The applicant
must provide information pertaining to the amount of annual fuel consumed for the main
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engines, and the auxiliary power, depending on the vessel type. When caiculating
emission reductions, fuel consumption is muitiplied by a specific NOx emission factor
and then converted to tons per year. Emission factors for each engine are based on
vessel type, propulsion type, and service mode. Average emission factors for
uncontrolled baseline NOx emissions listed in Tables V-3 through V-6 above can be
used where actual uncontrolled baseline emissions are not known.

Emission reductions for marine vessels could also be calculated based on hours of
operation, as long as the applicant also provides the fuel consumption rate. When
annual hours of operation are provided, the annual fuel consumption is estimated by
multiplying the fuel consumption rate by the annual hours of operation. The estimated
annual fuel consumption will then be used to determine NOx reductions. The following
formulas must be used when calculating project NOx reductions.

Annual NOx Reductions (tons/year) =
[(Ann. Fuel Cons.) * [(Baseline NOx Emissions) - (Reduced NOx Emissions)] *
(% operated in CA)] * (ton/ 2,000 Ibs) ‘

where,

Annual Fuel Consumption Estimated Annual Fuel consumption for the
retrofitted/repowered engine(gallyear)

NOx Emissions from the overhauled engine
(without retrofit/repower)

Reduced NOx Emissions = NOx Emissions from the new engine

% operated in CA - = The percent of time operated in California -

(ton/2,000 Ibs) Converts Ibs/year to tons/year

Baseline NOx Emissions

There is a degree of uncertainty regarding the amount of offshore emissions that
actualiy reach the mainland. The Southern California Ozone Study (the Tracer
Dispersion Study) was conducted and completed by ARB to determine offshore
impacts. Results from this study indicate that emission reductions from marine vessels
would benefit ozone, PM, and toxic emissions that indeed reach the mainland.
However, there is still uncertainty on the amount of emissions that actually reach the
shore. '

Each district establishes an emission inventory boundary that is used for determining
poliutant sources, as well as the amount of emissions within a district. For districts
located along the California Coast, that boundary may extend to the coastal water
boundary, or at distances closer to the shoreline. Since districts have established
inventory boundaries for claiming the amount of emissions within a district, that
boundary will also be used to determine the range of offshore emissions that would be
included in the emission benefits calculated for marine vessel projects. Hence,
emissions for marine vessel projects would be calculated based on the amount of time a
marine vessel operates within statewide coastal district emission inventory boundaries.
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If a local district has not established an emission inventory boundary, ARB staff has set
a default value of 10 miles off shore. '

2. Cost-Effectiveness Calculation

Typical marine vessel engine control projects, although technologically feasible, aiso
have higher initial capital cost. Control technologies for a particuiar vessel will be
associated with a certain annual cost each year, but emission reductions will vary from
year to year depending on the amount of calls in a port. Emission reductions might
even be zero in some years, making some control options less cost effective. Each
application will be carefully evaluated on a case by case basis.

The cost benefits are based on the incremental capital cost, any matching funds that
were used to fund the project, the expected life of the project, the interest rate (five
percent), and estimated annual NOx reductions. The discount rate of five percent
reflects the opportunity cost of public funds for the Carl Moyer Program. This is the
level of earning that could be reasonably expected by investing state funds and is based
on the most recent interest rates published.

Incremental costs are determined by considering the difference between the capital cost
for overhauling/rebuilding an engine to its original configuration (without improved
control technology) and the capital cost to repower the engine or retrofit the engine with
new control technology. Incremental costs are divided by the annual NOXx reductions
and multiplied by a capital recovery factor. This calculation will result in annualized
project cost benefits. Cost benefits can be caicuiated using the following formulas:

Incremental Project Cost = (Aft. Proj. Cap. Cost) - (Bef. Proj. Cap. Cost)

Where, Aft. Proj. Cap. Cost = capital costs for reduced-NOx engine
Bef. Proj. Cap. Cost = capital costs for the rebuilt engine without the upgrade

Maximum Amount Funded = (Incremental Project Cost) - (Match Funds)

Where, Match Funds = Any matching funds
Capital Recovery Factor = [(1+0" P+ )" -1]
Where, i = discount rate (5 percent)

n =project life
Annualized Cost = (Maximum Amount + Match Funds) * Capital Recovery Factor
Cost-Effectiveness =  Annualized Cost/ Annual NOx Reductions

‘Where, Annual NOx Reductions = - Calculated NOx reductions (tons/year)
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3. Examples

For the purposes of explaining the emission reduction and cost effectiveness
calculations for a particular marine vessel project, two examples are presented below.
These examples describe the calculations based on fuel consumption. If hours of
.operation and a fuel consumption rate are provided, the annual fuel consumption will be
estimated and put into the calculation accordingly.

Example 1 ~ Tugboat Engine Repower: Consider an owner faced with the opportunity
to replace one tugboat engine perhaps during the normal engine overhaul period. In
this case, the marine owner applies for funding to repower one 1,400 hp tugboat engine
with a low emission diesel engine. The repowered engine reduces uncontrolled NOx
emissions by 40 percent, with a project life of about 20 years. The marine vessel owner
estimates that the capital cost for rebuilding a 1,400 hp marine vessel engine without
the upgrades is about $100,000. The upgrade, however, is more expensive, with a
quoted price of $250,000. The marine vessel owner aiso estimates that the annual fuel
consumption for this tugboat in California would be approximately 90,000 galions.

ion R i I ion
Annual Fuel Consumption: 90,000 gals/year
Baseline NOx Emissions: 403 Ibs/1,000 gals
(baseline emission factor for tugboat engines provided in Table V-5 above)
Reduced NOx Emissions: . 242 Ibs/1,000 gals
(40 percent reduction from 270 Ibs/1,000 gals)
% operated in CA: 100%
(ton / 2,000 Ibs): : Converts lbs/year to tons/year

Estimated NOx reductions are:
90,000 gals/year * (403 - 242)lbs/1000 gals * 100% * ton/2,000 lbs = 7.3 tonslyear

ffectiv
Capital Costs to rebuild a 1,400 hp marine vessel engine w/o upgrade $ 100,000
Capital costs to repower a 1,400 hp marine vessel englne $ 250,000
Matching funds : $ 0
incremental Project Cost: $ 250,000 - $ 100,000 = $150,000
Maximum Amount Funded: $ 150,000 - $ 0 = $ 150,000
Capital Recovery Factor: [(1 +0.05) (0.05))[(1 + 0.05)*° - 1] = 0. 08
Annualized Cost: ($ 150,000 + $ 0) * (0.08) = $ 12,000/ year
Cost Effectiveness: ($ 12,000 / year) / (7.3 tons/year) = $1,644/ ton

The cost benefit for the example is less than $13,000 per ton of NOx reduced. This
project would qualify for grant funds.

Example 2 — Auxiliary Engine Repower: Consider this same owner also wants to
replace one auxiliary engine rated at 92 horsepower and has an energy consumption
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factor of 17 hp-hr/gal. The repowered engine is also rated at 92 horsepower but has an
energy consumption factor of 19 hp-hr/gal and reduces uncontrolled NOx emissions by
30 percent. The project life is 20 years. The marine vessel owner estimates that the
capital cost for rebuilding the auxiliary engine is about $2,000 and the replacement
engine costs $15,000. The marine vessel owner also estimates that the annual fuel
consumption for this engine is approximately 2,500 gallons.

Emission Reduction Calculation

Baseline NOx Emissions: 22 Ibs/hr (auxiliary engines provided in Tabie V-6)
Baseline Energy Consumption Factor: 17 hp-hr/gal

Baseline Annual Fuel Consumption: 2,500 gals/year

Reduced NOx Emissions: 15.4 Ibs/hr (30 percent reduction from 22lbs/hr)

Reduced Energy Consumption Factor: 19 hp-hr/gal
Reduced Annual Fuel Consumption: (17 7 19)hp-hr/gal * 2,500 gal/yr = 2,237 gallyr

Rated Horsepower: 92 hp
% operated in CA: ‘ 100%
(ton / 2,000 Ibs): Converts Ibs/year to tons/year

Estimated NOx reductions are:
(22 Ibsthr / 92 hp * 17 hp-hr/gal * 2,500 gallyr) — (15.4 Ibs/hr / 92 hp * 19 hp-hr-gal * 2,237
gal/yr) * 100% * ton/2,000 Ibs = 1.5 tons/year NOx emissions reduced

ffectiven lation
Incremental Project Cost: $15,000-9%2,000= $ 13,000
Maximum Amount Funded: $ 13,000
Capital Recovery Factor: [(1 +0.05)% (0.05))[(1 + 0.05)*° - 1] = 0.08
Annualized Cost: $ 13,000 * 0.08 = $ 1,040/ year
Cost Effectiveness: ($ 1,040/ year) / (1.5 tons/year)= $ 693/ ton

The cost benefit for the example is less than $13,000 per ton of NOx reduced. This
project would qualify for grant funds.

E. Reporting and Monitoring

The district has the authority to conduct periodic checks or solicit operating records from
the applicant that has received Moyer funds for each retrofitted or repowered marine
engine. This is to ensure that the engine is operated as stated in the project application.
Hence the applicant must maintain operating records and have them available to the
district upon request. Records must contain, at minimum the following: marine vessel
identification numbers; retrofit hardware model and serial numbers; nautical miles
traveled in the district and California coastal waters; estimated fuel consumption in
California coastal waters; estimated hours of operation in the California coastal waters;
hours in idle; and maintenance and repair dates (or any servicing information). Records
must be retained and updated throughout the project life and made available for district
inspection.
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CHAPTER V1.
STATIONARY AGRICULTURAL IRRIGATION PUMP ENGINES

This chapter presents the project criteria under the Carl Moyer Program for stationary
agricultural irrigation pump engines (stationary agricultural irrigation pump engines),
along with minor proposed edits. It also contains a brief overview of NOx emission
inventory, current emission standards, available control technology, potential incentive
projects eligible for funding, and emission reduction calculation and cost-effectiveness
calculation methodologies.

A. Introduction

Stationary internal combustion engines used for agricultural purposes in California are
primarily utilized to power irrigation water pumps. For the purposes of the Carl Moyer
Program, these engines could be considered part of the off-road equipment, because
off-road engines are often utilized in stationary agricultural applications. However due
to the operating characteristics specific to stationary agricultural irrigation pump
engines, they are evaluated separately from the off-road equipment category, which
generally covers mobile equipment such as agricultural tractors, backhoes, excavators,
trenchers, and motor graders.

Off-road engines can be divided into two major categories: (1) engines less than (<)
175 brake horsepower (bhp) and (2) engines greater than or equal to () 175 hp. The
federal Clean Air Act Amendments (CAAA) of 1990 gave the United States
- Environmental Protection Agency (USEPA) exclusive authority to regulate new off-road
engines. The amendments created a federal preemption that prevents states from
adopting emissions standards or other requirements for off-road engines [CAA, section
209(e)]. However, Congress allowed California, upon receiving authorization from the
USEPA, to adopt standards and regulations for preempted engines, with the exception
of new farm and construction engines <175 hp. In other words, the"’ARB does not have
authority to regulate off-road engines <175 hp used in farm operations. Also, the
- California Health and Safety Code (HSC) section 42310(e) prohibits local air districts or
“the State from requiring a permit for farm equipment. '

According to federal definition, off-road engines do not include engines used in off-road
applications, which are considered stationary. Off-road engines, however, are a
workable option for stationary agricultural applications. Therefore, for the purposes of
the Carl Moyer Program, staff recommends that the guideline criteria for stationary
agricultural irrigation pump engines be established within the framework of applying
ARB/USEPA off-road engine emissions standards to stationary agricultural irrigation
pump engines. Under the Carl Moyer Program, funding will be provided for voluntary
reduction of NOx emissions from stationary agricultural irrigation pumps with engines 50
horsepower or greater. Section B of this chapter discusses specific criteria that must be
met in order to qualify for funding from the Carl Moyer Program for this source category.
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1. Emission Inventory

Agricultural irrigation pumps are powered electrically and with fuel-fired internal
combustion engines. A 1995 report written by Sonoma Technology, inc. for the
SJVAPCD indicates 90 percent of irrigation pumps in the San Joaquin Valley are
electrically powered. The remaining 10 percent are engine-driven pumps fueled most
commonly with diesel and, to a lesser degree, with natural gas or propane. Diesel is
most commonly used due to its lower cost and the limitations posed by inaccessibility to
natural gas lines in certain rural areas. In general, stationary agricultural irrigation pump
engines run an average of 10,000 hours before requiring an overhaul or rebuild.
Depending on each engine owner's operating schedule and maintenance routine, this
equates to a variety of engine lifetimes. Stationary agricultural irrigation pump engines
generally have low annual operating hours, from 1,000 to 3,600 hours per year. Using
this range of operating hours, an engine c¢an run 3 to 10 years before rebuild. if an
engine can be rebuilt 3 to 4 times, it is possible to get 30 to 40 years of life out of an
engine. Once an engine has exhausted its useful life, the most common engine
replacement practice by farmers is to purchase a rebuilt engine rather than a new
engine.

Stationary agricultural irrigation pump engines can be considered a seasonal source of
NOx emissions, although NOx emissions occur throughout the calendar year. Most
NOx emissions occur throughout the spring and summer months during the primary
crop growing period. In fact, seasonal NOx emissions from agricultural irrigation pump
engines may be as high as 52 tons per day in the summer months throughout the San
Joaquin Valley, according to a 1995 Sonoma Technology, inc. report. According to the
ARB'’s 1897 baseline NOx emission inventory for agricultural irrigation pumps powered
by diesel engines, NOx emissions are 34 tons per day. ARB'’s estimated NOx
emissions are based on data provided by San Joaquin Valley and Santa Barbara
County Air Pollution Control Districts. Future emissions are projected to remain the
same through 2010.

2. Emission Standards

Historically, the districts have not regulated emissions from stationary agricultural
engines. In fact, district prohibitory rules for stationary internal combustion engines
specifically exempt agricultural engines from the requirements of the district rules.
Therefore, stationary ‘agricultural engine emissions are largely uncontrolled, except in
‘cases where engines of 1996 model year and newer are in use. These engines are
subject to ARB/USEPA off-road diesel engine emission standards.

In January 1992, ARB adopted exhaust emission standards for 1996 and later model
year off-road diesel cycle engines >175 hp. The USEPA has adopted virtually identical
NOx emission standards for new off-road diesel cycle engines; however, the USEPA
standards apply to off-road engines >50 hp. Table VI-1 lists both the ARB and USEPA
standards. As shown in Table VI-1, these standards vary depending on the model year
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and the engine size. The combination of ARB and USEPA emission standards means
that all of today’s new off-road diesel cycle engines from 50 through 750 hp have to be
certified to meet a NOx emission standard of 6.9 g/bhp-hr.

ARB has also adopted optional NOx standards (emission reduction credit standards) for
off-road diesel equipment. The optional NOx emission credit standards currently start at
5.0 g/bhp-hr and decrease in 0.5 g/bhp-hr increments. Beginning in 2001, the NOx
emission credit standards for off-road diesel equipment will start at 4.5 g/bhp-hr and
also decrease in 0.5 g/bhp-hr increments. Stationary agricultural engine projects
eligible under the Carl Moyer Program must be certified to one of the emission reduction
credit standards for 1996 and later model year engines. Certification must be
conducted using the off-road test cycle.

Table VI-1
ARB and USEPA Exhaust Emission Standards
for New Off-Road Diesel Engines

- (g/bhp-hr) —
Model Year Agency Horsepower | NOx (g/bhp-hr) | PM (g/bhp-hr)
7996 — 2000 ARBIEPA 175-750 6.9 04
1997 EPA 100-<175 | 6.9 .
1908 EPA 50-<100 6.0 -
2000+ ARBIEPA 750+ 6.9 04
2001+ ARB 175750 58 0.16

3. Control Strategies

The purpose of this section is to discuss commercially available control technologies for
stationary agricultural engine projects. The reduced-emission engines discussed are
considered suitable as new engine purchases for repower opportunities. This section
also provides information regarding reduced-emission engine technologies that can be
purchased now, and or have potential to become commercially available in the near
term. These technologies are expected to be available for the Carl Moyer Program in
the 1999-2000 time frame.

a. ission-Certifi

New 1996 and later model year off-road diesel cycle engines from 50 through 750 hp
must comply with a NOx emission standard of 6.9 g/bhp-hr. Starting in model year
2000, off-road diesel cycle engines >750 hp must also comply with a 6.9 g/bhp-hr NOx
emission standard. The NOx emission standard for off-road diesel cycle engines with
175-750 hp sold in California will be reduced to 5.8 g/bhp-hr for the model year 2001
engines.
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A viable and cost-effective way to reduce emissions from uncontrolied diesel engines is
to substitute the engine (i.e., repower) with an emission-certified off-road compression-
ignition or emission-certified off-road spark-ignition engine instead of rebuilding the
existing engine to its original uncontrolled specifications. With the exception of off-road
engines >750 hp, emission-certified diesel engines are commercially available for off-
road engines >50 hp that are covered under this program. The appropriate engine size
for an irrigation pump will depend on a number of factors such as water demand and the
size of the irrigation pump.

ARB adopted exhaust emission standards for large, off-road spark-ignition engines on
October 22, 1998, subject to 15-day notice of public availability of modified text. As:
proposed before the Air Resources Board, beginning in 2001, new off-road, large spark-
ignition (LSI) engines will be subject to ARB off-road engine exhaust emission
standards. The emission standards are applicable to non-preempted off-road spark-
ignition engines >25 hp. The USEPA expects to propose comparable nationwide
exhaust emission standards for this category of engines. The regulations require a
certification process similar to that used for small off-road engines and heavy-duty off-
road engines. The ARB regulations were approved recently and requirements will be
phased-in over the next few years. Repowers with off-road spark-ignition engines
would have to undergo applicable certification testing to verify emission levels. For
purposes of the Carl Moyer Program, off-road spark-ignition engines would be required,
at a minimum, to test to the off-road diesel emission standards for the applicable model
year and horsepower rating.

b. Electric Motors

Another potentially cost-effective way to reduce emissions from uncontrolled engines is
to replace the internal combustion engine with an electric motor instead of rebuilding the
existing engine to its original uncontrolled specifications. Substituting an electric motor
for an internal combustion engine on an agricultural irrigation pump significantly reduces
emissions. Replacing an older electric motor for a newer electric motor on an
agricultural irrigation pump does not reduce emissions. Irrigation pumps powered by
electric motors are commercially available for various applications. In fact, 90 percent
of current irrigation pumps are already powered by electric motors. Hence, the
requirements for an electrification project to qualify for funding under the Carl Moyer
Program are designed to target the replacement of the remaining 10 percent of internal
combustion engines used in agricultural irrigation pumps. The viability of an
electrification project will depend on a number of factors, including cost of electricity and
proximity to an electric power grid. |

C. Engine Retrofit Technoloay

Any retrofit technology must be certified by ARB before it can be sold in California, must
be able to reduce NOx emissions by at least 15 percent, and must comply with
established durability and warranty requirements. There are few retrofit technologies
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available for pre-1996 model year off-road diesel engines that would reduce NOx
emissions from uncontrolied levels to the 6.9 g/bhp-hr NOx emission standard or lower.
ARB recently pre-certified diesel engine retrofit kits for selected Detroit Diesel :
Corporation pre-1993 model year engines. The retrofit technology is certified to a NOx
emission standard no greater than 5.8 g/bhp-hr. Currently, retrofit kits are available for
a limited number of engine models some of which may be engines in the size range
typically used for agricultural irrigation pumps. It is also possible that retrofit
technologies that have been used to reduce NOx and PM emissions from on-road
heavy-duty diesel engines could be used to control off-road engine emissions in some
applications.

B. Project Criteria

The intent of the Carl Moyer Program is to provide early emission reductions from
heavy-duty diesel engines. The approved project criteria have been designed to provide
districts and equipment operators with a list of minimum qualifications that must be met
in order for a project to qualify for funding. The main criteria for selecting a project are
the amount of emission reductions, cost-effectiveness, and ability for the project to be
completed within the timeframe of the program. The criteria also specify the method for
calculating emission reductions and cost-effectiveness from reduced-NOx stationary
agricultural engine projects. Reduced-NOx stationary agricultural irrigation engine
projects that include engine repowers, new-purchase or engine replacements with
electric motors, or engine retrofits will be considered and evaluated for incentive
funding.

The second through seventh project criteria listed below are new project criteria
proposed by staff. These criteria were modified to clarify the type of repowers and
retrofits allowed for agricultural irrigation pump engine projects under the Carl Moyer
Program. The proposed revised language allows for pre-1996 model year engines (50
through 750 horsepower) to be repowered with new off-road diesel engines certified to
~ the current standard, new off-road spark-ignited engines that test at a NOx level that
meets the current standard, or new electric motors. For these years, it also allows
retrofit kits that are certified to the off-road emission standard for use on off-road
engines. For 1996 and later model year engines, the repowered engine would be an
engine certified to the off-road credit standards (for either diesel or spark-ignited
engines), or an electric motor. Retrofit kits for 1996 and later model year engines would
be certified to reduce NOx emissions by at least 15 percent. For 2000 and later model
year engines greater than 750 horsepower the repowered engine must test to a NOx
level 15 percent below uncontrolled baseline emissions. The project criteria have been
modified to include a requirement that all engines be tested using approved ARB test
procedures. Staff is also proposing to allow new agricultural irrigation pump engine
purchases with electric motors and normalize the allowable project life for agricultural
- irrigation pump engine projects.

In general, stationary agricultural engine projects qualifying for evaluation must meet, at
minimum, the following proposed criteria:

72



128

An engine must be 50 horsepower or greater which is equivalent to an electric motor
37 kilowatts or greater;

A new purchase of a 2000 or later mode! year agricultural irrigation pump engine
must have an electric motor.

A repower or retrofit of a pre-1996 model year engine greater than 50 and through

750 horsepower must be with:

1) A new off-road diesel engine certified at the 6.9 g/bhp-hr NOx emission standard
for off-road engines,

2) A new off-road spark-ignited engine that tests at a NOx level that meets the off-
road diesel engine standard (i.e., 6.9 g/bhp-hr),

3) A new electric motor, or

4) A kit that is certified to the off-road engine emission standards for use on off-road
engines; -

A repower or retrofit of a pre-2000 model year off-road engine greater than 750
horsepower must test to a NOx level at minimum 15 percent below uncontrolled
baseline emissions;

A repower of an emission-certified off-road engine of model years 1996 and newer,

must be with:

1) A new off-road diesel engine certified at one of the applicable NOx emission
credit standards listed in Table VI-2,

2) A new off-road spark-ignition engine that tests at a NOx level that meets the off-
road NOx emission credit standards, or

3) A new electric motor;

A retrofit of an emission-certified off-road engine of model year 1996 and newer,
must be certified to reduce NOx emissions by at least 15% for use in off-road
engines;

Engines must be tested using ARB test procedures for off-road engines;

The maximum project life when determining project benefits is as follows:

Default without Defauit with
Documentation =~ Documentation
New purchase/ Repower 7 years 10 years

A different project life may be selected for approval by ARB staff. However sufficient
documentation must be provided to ARB that supports the selected project life
based on the actual remaining useful life.
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» Emission-certified engines of the model years 1996 and later, must be certified at
one of the applicable NOx emission credit standards listed in Table VI-2;

Table VI-2
Project Eligibility Criteria
1996 and Later Mode! Year Engines

Engine Model Engine Horsepower Rating Qualifying NOx Level
Year (bhp) (g/bhp-hr)
1996-2000 50-750 45
2000+ 750+ 4.5
2001+ 50-750 _ 4.0

» Electric motors must only replace internal combustion engines that are fueled with
diesel, and the applicant must have documentation of payment to the local utility
company for power installation. This requirement of documentation also applies to
new installations;

» Reduced-emission engines or retrofit kits must be certified for sale in California and
- must comply with durability and warranty requirements. Qualified engines could
include new ARB-certified engines or ARB-certified aftermarket part engine/control
devices;

* NOx reductions obtained through this program must not be required by any existing
regulations or any legally binding document (i.e. MOU, MOA, etc.);

o Funded projects must operate for a minimum of seven years and the agricultural
stationary engine must be registered with the district throughout the specified life of
the project; and

* Projects must meet a cost-effectiveness criterion of $13,000 per ton of NOx reduced.

Priority should be given to stationary agricultural irrigation engine projects which resulit
in the greatest amount of emission reductions (e.g. engine replacements with electric
motors, engine repowers with certified engines, followed by engine retrofits). This is in
line with the intent of the Carl Moyer Program to provide early emission reductions, and
in turn, produce the greatest air quality benefit.

C. Potential Types of Projects

The primary focus of this category of the Carl Moyer Program is to achieve emission
reductions from stationary diesel agricultural irrigation engines operating in California as
early and as cost-effectively as possible. The following project criteria are designed to
ensure that the emission reductions expected through the deployment of electric
motors, reduced-emission engines, or retrofit technologies under this program are real
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and quantifiable. All projects must meet a cost-effectiveness criterion of $13,000 per
ton of NOx reduced. In addition, diesel repower projects are also subject to a maximum
dollar amount to be granted based on the horsepower rating of the engine. The project
must be operated for at least five years from the time it is first put into operation.

1. New Purchase with Electric Motors

Under the continued Carl Moyer Program, new purchases of agricultural irrigation pump
would be allowed if equipped with electric motors. This new agricultural irrigation pump
with an electric motor would be compared to a new pump with an off-road diesel engine
certified to the current off-road NOx emission standard.

2.  Repower with Emission-Certified Engines

Purchases of new emission-certified diesel off-road engines to repower uncontrolied
diesel engines are expected to be the most common type of project for stationary
agricultural irrigation pump engines under this program due to their wide availability.
Several air districts are currently funding these projects. Purchases of new off-road
spark-ignition engines to repower uncontrolled diesel engines are also an option under
this program.

Under the Carl Moyer Program, a stationary agricultural irrigation pump engine repower
is substituting an existing uncontrolled engine with a new off-road engine certified to a
current off-road NOx emission standard, or substituting an existing certified off-road
engine with a new off-road engine certified to an optional ARB NOx emission credit
standard. The NOx level that would qualify a stationary agricultural irrigation pump
engine repower project for funding would depend on the engine model year and the
engine size, as outlined in the criteria under section B and listed in Table VI-2. For
repower projects, gasoline to diesel repowers will not qualify for the Carl Moyer
Program.

Technology for diesel to alternative fuel repowers is available; however an extensive
number of spark-ignition engines have not gone through certification testing. The
applicant would be allowed to test iarge spark-ignition engines, in lieu of certification
since a number of these engines have not gone through certification testing. However,
testing must be conducted according to ARB test procedures for off-road engines. The
new ARB LSI regulations establish a testing program, and future USEPA regulations will
establish a similar testing procedure. Carl Moyer Program funds will not cover the costs
of certification testing. These costs would have to be absorbed by the applicant, engine
manufacturer, or another outside source.

The emission factors under section D of this chapter have been revised to account for
the new OFFROAD model. The new emission factors would prevent some diesel-to-
diesel repower projects from qualifying for funding. Hence the emission reduction
requirement for repowers and retrofits has been modified to 15 percent.
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3.  Replacement with Electric Motors

Replacement of uncontrolled engines with electric motors is an option under the Carl
Moyer Program. During the first year of the program, applications for electric motors
were scarce. This was partly due to exclusion of infrastructure costs in determining the
funding amount, which resulted in higher initial out-of-pocket costs to the applicant. In
an electric pumping application, peripheral equipment is needed to supply electricity to
the motor. The installed cost of a new certified diesel engine is comparable to the
installed cost for an electric motor plus its necessary supporting components. Districts
and utility companies have indicated that many diesel pump engines are situated next to
existing electric lines, so no line extension would be needed. Considering the air quality
benefits of electric motors, selected infrastructure costs for necessary equipment
associated with the motor (e.g., control panel, motor leads, service pole with guy wire,
connecting electric line) may be included in determining the grant amount awarded.

For more remotely located irrigation pumps, some utility companies offer monetary line
extension credits. Where a credit applies, the customer is responsible for the cost of
the line extension (generally charged on a per foot basis) beyond what is covered by the
credit. In most cases, costs associated with electric line extensions may not be covered
with Moyer funds. The only instance where Moyer funds may be used toward line
extensions is where the maximum amount to be funded does not exceed the applicable
Table VI-3 funding cap for a diesel-to-diesel repower. inthese cases, the balance of
funds up to the Table VI-3 grant limits may be applied toward a line extension, provided
these funds come from district funds and are counted as matching funds. This may only
be applied where the applicant faces out-of-pocket expense above the line extension
credit allowance (i.e., the needed line footage is outside the maximum distance
provided free of charge).

Projects that repower an existing diesel engine with an electric motor are not subject to
the maximum cost limits as listed in Table VI-3. However, diesel-to-electric motor
repowering projects would still be subject to the cost-effectiveness criterion of

$13,000 per ton of NOx emissions reduced, as well as other criteria presented in this
guideline. :

- 4, Retrofits

Retrofit means making modifications to the engine and/or fuel system such that the
retrofitted engine does not have the same specifications as the original engine. Retrofit
projects may be applicable to certain off-road diesel engine families. The most
straightforward retrofit projects are those that could be accomplished at the time of
engine rebuild. This might entail upgrading certain engine and/or fuel system
components to result in lower emission configuration. It is possible that emission
control technologies that have been used to reduce NOx and PM emissions from on-
road heavy-duty diesel engines could be used to control off-road engine emissions in
some applications. This type of project would qualify for funding if the engine retrofit kit
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for uncontrolled engines is certified to 6.9 g/bhp-hr NOx emission standard or iess, for

use in off-road engine applications.

Staff revised emission factors under section D of this chapter to account for the new
OFFROAD model. The new emission factors would prevent some diesel-to-diesel
retrofit projects from qualifying for funding. Hence, emission reduction requirement for
repowers and retrofits has been modified to 25 percent. Under current Health and
Safety Code provisions affected projects would still qualify if repowered are with

alternative fueled technology.

5. Sample Application

In order to qualify for incentive funds, districts will make applications available and solicit
bids for reduced-emission projects from stationary agricultural engine operators. A |
sample application form is included in Appendix G. The applicant must provide at least
the following information, as listed in Table VI-3 below:

Table VI-3
Minimum Application Information
Stationary élgricultural irrigca_tjon pump Projects

1. Air District:

Applicant Demographics
Company Name:
Business Type:
Mailing Address:
Location Address:
Contact Number:

Project Description

Project Name:

Project Type:

Equipment Function:
NOx Reduction Incremental Cost Effectiveness
Analysis Basis: (Mileage/Fuel/Hours of
Operation)
VIN or Serial Number:
Application: (Repower, Retrofit or New)
Annual Diesel Gallons Used:

Hours of Operation:

o ® N3 o

Old Engine Information
Horsepower Rating:
Engine Make:
Engine Model:
Engine Year:

10.

1.

12
13.

14.
15.
16.

17.

New Engine Information
Horsepower Rating:
Engine Make:
Engine Model:
Engine Year:

Fuel Type:

NOX Emissions Reductions
Baseline NOx Emissions Factor (g/bhp-hr):
NOx Conversion Factors Used:
Reduced NOx Emissions Factor (g/bhp-hr):
Estimated Annual NOx Emissions Reductions:
Estimated Lifetime NOx Emissions Reductions:

Percent Operated in California:

Project Life (years):

Cost (3) of the Base Engine:

Cost (3$) of Certified LEV Engine:

PM Emissions Reductions
Baseline PM Emissions Factor (g/bhp-hr):
PM Conversion Factors Used:
Reduced PM Emissions Factor (g/bhp-hr):
Estimated Annual PM Emissions Reductions:
Estimated Lifetime PM Emissions Reductions:

District Incentive Grant Requested:
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D. Emission Reduction and Cost-Effectiveness
1. Emission Reduction Calculation

in general, the emission reduction benefit represents the difference in the emission level
of a baseline and reduced-emission engine. In situations where the model year of the
equipment and the model year of the existing engine are different, the model year of the
engine will be used to determine the baseline emission factor for emission reduction
calculations. The emission level is calculated by multiplying an emission factor, a
conversion factor and an activity level. Because the conversion factor and the activity
level could be different for the baseline and reduced emission engine, the emission level
should be calculated first and then the difference taken to determine the emission
reduction. The examples in the previous version, where the emission reductions were
simply based on the difference in emission factors, assumed that there was no change
in the conversion factor or activity level. For a stationary agricultural irrigation pump, the
activity level is either the annual hours of operation or fuel consumed. Qualification with
the cost-effectiveness criteria will be based upon NOx emissions only. Calculations
shall be done using either the fuel consumption method or hours of operation method
described below consistent with the type of records that will be maintained over the life
of the project.

in absence of manufacturer “guaranteed” emission factors, Table VI-4 lists the default
baseline NOx emission levels for pre-1996 model year diesel engine repower and
retrofit projects to be used when determining the NOx emission difference between the
existing engine and the replacement engine. The new baseline NOx emission factors
reflect the recently adopted emissions inventory for off-road large compression-ignited
engines, greater than or equal to 25 horsepower. The OFFROAD model incorporated
recent data and reflects currently adopted regulations. Manufacturers applied some of
the technology advancements in the fuel management systems used in 1988 and newer
on-road diesel-powered engine to similar off-road engines. Emission. reductions from
this technology are also reflected in the new emission factors. Also, the engine default
load factor has changed from 0.75 to 0.65.

Table VI-4
Baseline NOx Emission factors for
Uncontrolled Off-Road Heavy-Duty Diesel Engines

. (g/bhp-hr)
Model Year 50 -120 hp 120 + hp
Pre - 1988 13 11
1988 - 1996 8.75 8.17

The applicant would have the option of testing the baseline (uncontrolled) engine using
an ARB approved test procedure to determine actual emissions. The maximum
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allowable baseline emissions for pre-1996 engines as determined through in-use testing
is 13 g/bhp-hr (<175 hp) and 11 g/bhp-hr (>175 hp).

If the annual hours of operation are the basis for determining the emission reductions,
the conversion factor is the horsepower of the engine multiplied by the load factor of the
application and the activity level shouid be based on the actual hours of the equipment.
The load factor is an indication of the amount of work done, on average, by an engine
for a particular application, given as a fraction of the rated horsepower of the engine.
The load factor is different for each application. |f the actual load factor is known for an
engine application, it should be used in calculating the emission reductions. Another
variable in determining the emission reductions is the number of hours that the
equipment operates a year as counted by an hour meter. If the load factor is not
known, the default load factor listed in Table VI-5 should be used in the emission
reduction calculation. :

If the annual fuel consumption is used, an energy consumption factor should be
calculated and the activity level should be based on actual annual fuel receipts or other
documentation. The energy consumption factor converts the emission factor in terms of
g/bhp-hr to g/galion of fuel used. There are two ways of calculating the energy
consumption factor: 1) by dividing the horsepower of the engine by the fuel economy in
units of gallons/hour or .

2) by dividing the density of the fuel by the brake-specific fuel consumption of the
engine. A default energy consumption factor is listed in Table VI-6. While actual fuel
receipts support the annual fuel consumption of the baseline engine, the annual fuel
consumption of the reduced-emission engine is an estimate proportionate to the change
in the energy fuel consumption factor. For example, a reduced-emission engine having
an energy consumption factor of 20, replacing a baseline engine which uses 3,696
gallons/year and has an energy consumption factor of 17.56, would have an estimated
annual fuel consumption of 3,234 gallons/year. Future fuel receipts or equivalent
documentation should be submitted, throughout the project life, as verification of this
estimate. '

Table VI-5
Default Factors for Stationary Agricultural Irrigation Pumps
50+ Horsepower

Energy Consumption Factor 17.56
(bhp-hr/gal)
Load Factor 0.65
2. Cost-Effectiveness Calculation

The portion of the cost for a repower project to be funded through the Cari Moyer
Program is the difference between the total cost of purchasing and installing the new
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emission-certified engme or electric motor and the total cost of rebuilding the existing
engine.

Only the amount of money provided by the program and any local district match funding
is to be used in the cost-effectiveness calculations. The one-time incentive grant
amount is to be amortized over the expected project life (at least seven years) and with
a discount rate of five percent. The amortization formula (given below) yields a capital
recovery factor, which, when multiplied with the initial cost, gives the annual cost of a
project over its expected lifetime.

Capital Recovery = [(1 + /)" ()/[(1 + )" = 1]

Where, i= discount rate (5 percent)
n=  project life (at least seven years)

The discount rate of five percent reflects the opportunity cost of public funds for the Carl
Moyer Program. This is the level of earning that could be reasonably expected by
investing state funds in various financial instruments, such as U.S. Treasury securities.
Cost-effectiveness is determined by dividing the annualized cost by the annual NOx
emission reductions. These calculations are explained in detail in the next section of
this chapter.

3. Examples

Example 1 - Agricultural Irrigation Pump Repower: Consider a farmer faced with
the opportunity to replace a 1980 model year diesel engine rated at 120 horsepower
used to power an irrigation water pump with a new, certified off-road diesel engine rated
at 150 horsepower during the normal rebuild period. In this case, the cost of the new,
emission-certified diesel engine is $7,900 whereas the cost to purchase a rebuilt engine
would be $5,500. The cost of a non-resettable hour meter is $300. The old engine
operated 2,000 hours annually. The project life is 7 years.

Emission R ion Calculation

Baseline NOx Emissions: 13.0 g/bhp-hr

Baseline Horsepower: 120 hp

Baseline Load Factor: 65%

Reduced NOx Emissions: 6.9 g/bhp-hr

Reduced Horsepower: 150 hp

Reduced Load Factor: 120 hp /150 hp * 65% = 52%
Annual Operating Hours: 2,000 hours/year
ton/907,200 grams: Converts grams to tons

(13.0 g/bhp-hr * 120 hp * 0.65) ~ (6.9 g/bhp-hr * 150 hp * 0.52) * 2,000 hrslyr ton/907,200 g =
1.0 ton/year NOx emissions reduced
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Cost-Effectiveness Calculations

The annualized cost is based on the portion of incremental project costs funded by the
Carl Moyer Program, the expected life of the project (7 years at a minimum), and the
interest rate (5 percent) used to amortize the project cost over the project life. The
incremental capital cost to the operator for this purchase and the maximum amount that
could be funded through the Carl Moyer Program fund are determined as follows:

Incremental Capital Cost
Max. Amount Funded
Capital Recovery
Annualized cost
Cost-Effectiveness

$8,200-%5500=%2,700

$2,700

[(1 + 0.05)" (0.05))/[(1 + 0.05)" = 1] = 0.17

- 32,700 * 0.17 = $ 459/year

($ 459/year)/(1.0 tons/year) = $ 459/ton NOx reduced

The project meets the cost-effectiveness limit of $13,000 per ton NOx reduced. This
project would qualify for the maximum amount of grant funds ($2,700).

Example 2 - Agricultural Irrigation Pump Repower: Consider a similar example,
where an uncontrolied diesel engine (1980, 13 g/bhp-hr NOx) used to power an
irrigation water pump is replaced with a new, certified off-road diesel engine (150 hp,
6.9 g/bhp-hr NOx). However, in this example the annual fuel consumption is provided.
The energy consumption factor for the uncontrolled engine is unknown while the energy
consumption factor for the new engine calculates to about 19 hp-hr/gal. The cost of the
new, emission-certified diesel engine is $7,900 whereas the cost to purchase a rebuilt
engine would be $5,500. The farmer lists in the application that the new engine will use
4 600 gallons of fuel annually for a project life of 7 years. Since this farmer lists fuel
consumption, a non-resettable hour meter is not needed. The emission reduction and
cost effectiveness for this project are calculated as follows:

mission Reduction Cal ion
Baseline NOx Emissions: 13.0 g/bhp-hr
Baseline Energy Consumption Factor:  17.56 hp-hr/gal
Baseline Annual Fuel Consumption: 4,600 gallons/year
Reduced NOx Emissions: 6.9 g/hp-hr

Reduced Energy Consumption Factor: 19 hp-hr/gal
Reduced Annual Fuel Consumption: (17.56 / 19)hp-hr/gal * 4,600 gallyr = 4,251 gal/yr
ton/907,200 grams ' } Converts grams to tons

[(13.0 g/bhp-hr * 17.56 hp-hr/gal * 4,600 gal/yr) — (6.9 g/bhp-hr * 19 hp-hr/gal * 4,251 gal/yr)] *
ton/907,200 g = 0.54 tons/yr NOx emissions reduced

- iven |
The annualized cost is based on the portion of incremental project costs funded by the

Carl Moyer Program, the expected life of the project (7 years at a minitnum), and the
interest rate (5 percent) used to amortize the project cost over the project life. The
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incremental capital cost to the fleet operator for this purchase and the maximum amount
that could be funded through the Carl Moyer Program fund are determined as follows:

Incremental Capital Cost
Max. Amount Funded
Capital Recovery
Annualized cost
Cost-Effectiveness

$7,900-%5500=9%2400

$2,400

[(1 + 0.05)" (0.05))/[(1 + 0.05)" = 1] =0.17
$2,400*0.17 = $ 408/year

($ 408/year)/(0.54 tons/year) = $ 755/ton NOx reduced

The project meets the cost-effectiveness limit of $13,000 per ton NOx reduced. This
project would also qualify for the maximum amount of grant funds ($2,400).

Example 3 - Agricultural Irrigation Pump Electrification: Consider a farmer who
applies for a Carl Moyer program grant for the purchase of an electric motor (150 hp, 0
g/bhp-hr NOx) to replace an uncontrolled diesel engine (208 bhp, 1980, 11 g/bhp-hr
NOx) used to power an irrigation water pump. There is currently an electric power grid
in the immediate vicinity of the pump and no electric line extension is needed. The
installed cost of the new electric motor, control panel, motor leads, dropping a power

- line, and setting up a circuit breaker is $14,602 whereas the cost to rebuild the old
engine would be $5,500. The cost of a non-resettable hour meter is $300. The new
engine will operate 2,000 hours annually, for a project life of 7 years. The emission
reduction and cost effectiveness for this project are calculated as follows:

mission R i lculation
Annual N i /year) =

[(NOx Emission Factor * Load Factor * Horsepower)paseiine — (NOX Emission Factor
* Load Factor * Horsepower)equced] * Annual Hours of Operation * (ton/907,200

grams)

Where,

Baseline NOx Emission Factor: ‘ 11.0 g/bhp-hr
- Reduced NOx Emission Factor: ~ 0g/bhp-hr

Load Factor: 65%

Baseline Horsepower: _ 208 hp

Reduced Horsepower: 150 hp

Annual Hours of Operation: 2,000 hours

Hence, estimated reductions are:

[(11.0 g/bhp-hr * 0.65 * 208 hp) — (0 g/bhp-hr * 0.65 * 150 hp)] * 2,000 hrs/yr * ton/907,200 g =
3.28 tons/year NOx emissions reduced

t an -Eff

The annualized‘ cost is based on the porﬁon of incremental project costs funded by the
Carl Moyer Program, the expected life of the project (7 years at a minimum), and the
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interest rate (5 percent) used to amortize the project cost over the project life. The
incremental capital cost to the fleet operator for this purchase, with Carl Moyer Program
funds, is determined as follows:

$14,602 - $5,500 = $9,102

[(1 +0.05)" (0.05))/[(1 + 0.05) — 1] = 0.17
(0.17)($9,102) = $1,547/yr
($1,547/yr)/(3.28 tons/yr) = $472/ton

Incremental Capital Cost
Capital Recovery
Annualized Cost
Cost-Effectiveness

it nnn

The project meets the cost-effectiveness limit of $13,000/ton NOx reduced. This project
would qualify for the maximum amount of grant funds ($9,102).

Example 4 — Agricultural Irrigation Pump “Diesel-to-Natural Gas” Repower: The
following example was added to illustrate the cost effectiveness calculations for a
diesel-to-natural gas engine repower project.

Consider a farmer faced with the opportunity to replace a model year 1980 diesel
engine rated at 165 hp used to power an irrigation water pump. The farmer is replacing
the old uncontrolled engine (11 g/bhp-hr NOx) with a new, optionally certified off-road
natural gas engine rated at 150 hp (4.5 g/bhp-hr NOXx) during the normal rebuild period.
In this case, the cost of the new, emission-certified off-road natural gas engine is
$23,500 whereas the cost to purchase a rebuilt diesel engine would be $5,500. The
cost of a non-resettable hour meter is $300. The new engine will operate 2,000 hours
annually, for a project life of seven years. The emission reduction and cost
effectiveness for this project are calculated as follows:

Emission Reduction Calcuiation

Baseline NOx Emissions
Baseline Horsepower

11.0 g/bhp-hr
165 horsepower

Baseline Load Factor = 65%

Reduced NOx Emissions = 4.5 g/bhp-hr
Reduced Horsepower = 150 horsepower
Reduced Load Factor = 71%

Annual Operating Hours = 2,000 hours/year
Convert grams to tons = ton/907,200 grams

[(11.0 g/bhp-hr * 165 hp * 0.65) — (4.5 g/bhp-hr * 150 hp * 0.71)] * 2,000 hours/year *
ton/907,200 g = 1.5 ton/year NOx emissions reduced

{-Effectiven I_i

The annualized cost is based on the portion of incremental project costs funded by the
Carl Moyer Program, the expected life of the project (seven years at a minimum), and
the interest rate (5 percent) used to amortize the project cost over the project life. The
incremental capital cost to the operator for this purchase and the maximum amount that
could be funded through the Carl Moyer Program fund are determined as follows:
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Incremental Capital Cost
Max. Amount Funded
Capital Recovery
Annualized cost
Cost-Effectiveness

$23,800-%5,500=% 18,300

$ 18,300

[(1 +0.05)" (0.05))/[(1 + 0.05) = 1] = 0.17
$18,300 * 0.17 = $ 3,111/year

($ 3,111/year)/(1.5 tons/year) = $ 2,074/ton

The project meets the cost-effectiveness limit of $13,000 per ton NOx reduced. This
project would qualify for the maximum amount of grant funds ($18,300).

E. Reporting and Monitoring

Stationary agricultural engine operators participating in the Carl Moyer Program must
keep appropriate records during the life of the project. During the project life, the district
has the authority to conduct periodic checks or solicit operating records from the
applicant that has received Moyer funds. This is to ensure that the engine is being
operated as stated in the project application.

1. Reporting

The district has the authority to conduct periodic checks or solicit operating records from
the applicant that has received Carl Moyer Program funds. This is to ensure that the
engine is operated as stated in the program application. Hence, the applicant must
maintain operating records and have them available to the district upon request.
Records must be retained and updated throughout the project life and be made
available to the district upon request. Annual records must contain, at a minimum, total
actual hours operated, or estimated amount of fuel used. Where records of actual
hours of operation are chosen, the engine must be equipped with a non-resettable hour
meter. The cost of the hour meter shall be included in the capital cost of the engine for
determining grant monies awarded. For electrification projects, the applicant must have
documentation of payment to the local utility company for power installation.

- 2 Monitoring

Minimal monitoring may be necessary to ensure the program incentive monies are
being applied toward the project as specified in the application. It is recommended that
the districts conduct initial and/or periodic inspection of the equipment, especially when
an electric motor is replaced for an internal combustion engine. To ease the tracking of
the equipment over the life of the project, a district registration certificate could be
issued to the equipment owner, consisting of minimal descriptive information.
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~ CHAPTER ViIL.

FORKLIFTS

This document presents project criteria for forklift equipment funding eligibility under the
Carl Moyer Memorial Air Quality Standards Attainment Program (Carl Moyer Program),
along with minor proposed edits. Also included is an overview of applicable regulations
pertaining to forklifts, available control technology, examples of potential projects, and
emission reduction and cost-effectiveness calculation methodologies.

A. Forklift Equipment

Forklifts are used in a wide variety of applications, including, but not limited to,

~ manufacturing, construction, retail, meat and poultry processing, lumber and building
supplies, trades, agriculture, and a variety of warehouse operations. Forklifts can be
powered by electric motors or by internal combustion engines (ICEs).

The Industrial Truck Association (ITA) has defined seven classes of forklifts. These
classes are defined by the type of engine, work environment (indoors, outdoors, narrow
aisle, smooth or rough surfaces), operator positions (sit down or standing), and
equipment characteristics (type of tire, maximum grade). Several classes are further
divided by operating characteristics. The following are the forklift classifications:

¢ Class 1 are electric motor trucks with cushion or pneumatic (air fi Iled) tires. Class 1
forklifts include four subcategories, or lift codes, which are:

Lift Code 1 Counterbalanced rider type, stand-up

Lift Code 4 Three-wheel electric, sit down .

Lift Code 5 Counter balanced rider, cushion tire, sit-down
Lift Code 6 Counter balanced rider, sit-down rider (includes

pneumatic tire models)
o Class 2 forklifts are electric motor narrow aisle trucks with solid tires.

e Class 3 forkliifts include electric hand trucks or h'and/rider trucks with solid tires.

o Class 4 forklifts are ICE sit down rider forklifts with cushion tires and generally
suitable for indoor use on hard surfaces.

o Class 5 forklifts are ICE sit down rider forklifts with pneumatic tires.' These are
typically used outdoors, on rough surfaces, or significant inclines.

e Class 6 trucks can be either electric or ICE powered. These are ride on units with
the ability to tow at least 1,000 pounds. This class is designed to tow cargo rather
than lift it.
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e Class 7 trucks are rough terrain forklift trucks with pneumatic tires. Class 7 trucks
are almost exclusively powered by diesel engines, and are used outdoors.

B. Emission Inventory

According to the ARB off-road emissions inventory, there were more than 39,000 ICE
forklifts with engines greater than 50 horsepower used in industrial applications in
California in 1995. These estimates do not include large terrain forklifts or forklifts used
at airport operations. Estimates for forklifts used in airport operations are discussed in
the document pertaining to airport ground support equipment. Total NOx emissions
from industrial forklifts greater than 50 horsepower in California are estimated to be 62.1
tons per day in 1995, and are estimated to be 37.1 tons per day in 2010. ICE forkiifts
are fueled with gasoline, propane, natural gas, or diesel.

Table VII-1 contains ICE forklift population and NOx emission estimates for 1995. The
emission estimates for propane, gas and compressed natural gas forklifts have already

been approved by ARB. Emission estimates for diesel forklifts are pending Board
approval.

Table VII-1
1995 Population and NOx Emission Estimates
For Industrial Forklifts with Internal Combustion Engines
California and South Coast Air Basin Data
NOx Emission
Horsepower ' Population (tons per day)
Range Year | Fuel
SCAB State SCAB State
50<hp <120 | 1995 | Gasoline | 4,610 9,318 6.5 13.1
50< hp <120 | 1995 CNG, | 9,914 17,638 123 220
Propane
50< hp <120 [ 1995 Diesel 4,990 10,060 10.1 19.4
120< hp <175 | 1995 | Gasoline 168 340 0.6 11
120< hp <175 | 1995 CNG, 362 645 1.0 1.7
Propane
120< hp <175 | 1995 Diesel 474 956 1.5 2.9
>175 hp 1995 Diesel 205 414 1.0 1.9
Total 20,723 | 39,371 33.0 62.1

The ARB inventory does not contain information on the number of electric forklifts in
California. Most of the information on the type of forklifts bought and used is considered
to be confidential within the industry. Forklift population estimates that have been-
developed by Electric Power Research Institute (EPRI) and other sources generally rely
on ITA shipment data. Data reviewed by ARB staff indicates that there are about
70,000 electric forklifts in California. Roughly 50,000 of those are the smaller (class 3)
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hand trucks and narrow aisle trucks, and about 20,000 of those are electric rider
forklifts. Electric forklifts have zero exhaust emissions.

C. Emission Standards

Emission standards for forklifts are contained in ARB and United States Environmental
Protection Agency's (U.S EPA) emission standards for off-road equipment. Internal
combustion engine forklifts can either be powered by diesel engines (compression-
ignited engines) or by spark-ignited engines (which use gasoline, compressed natural
gas, or propane fuel). There are separate emission standards for large spark-ignited
engines and compression-ighited engines.

Off-road equipment is also split into two broad categories: less than 175 horsepower,
and equal to or greater than 175 horsepower. Both of these categories include forklifts.
Currently, ARB is preempted from regulating new farm and construction equipment less
than 175 horsepower. However, ARB has the authority to regulate off-road equipment
equal to or greater than 175 horsepower and non-preempted off-road equipment iess
than 175 horsepower.

1. Large Spark-lgnited Off-Road Engine Standards

Forklifts with spark-ignited engines are commonly used indoors, and typically have lift
capacities between 3,000 and 16,000 pounds. A report prepared for the Gas Research
Institute indicated that about 45% of spark-ignited forklifts (class 4 and 5) have engines
rated 50 horsepower or lower. On an ICE forklift, a 50 horsepower engine generally
has a 6,000 pounds lift capacity or greater. Propane is the fuel that is most widely used
in spark-ignited engines, compared to gasoline or compressed natural gas.

Spark-ignited engines greater than 25 horsepower are classified as large spark-ignited
engines by ARB. Current model year large spark-ignited engines are not subject to any
ARB or USEPA emission standards. ARB has approved standards for new large spark-
ignited off road engines to be implemented beginning with the 2001 model year. The

~ regulations establish exhaust emission standards and test procedures. Table VII-2
contains the emission standards applicable to Iarge spark-ignited engines that were
approved by ARB.

Table VII-2
Exhaust Emission Standards
New Large Spark-ignited Engines

—

NMHC + NOx Cco Durability Period
Year Engine Size | (g/bhp-hr) (g/bhp-hr)
2002 & later <1.0 liter EL 410 1000 hours or 2 years
2001-2003 (Phase-in) >1.0 liter 3.0 37 N/A
2004-2006 >1.0 liter 3.0 37 3500 hours or 5 years
2007 & later >1.0 liter 3.0 37 5000 hours or 7 years

* The standard for in-use compliance for engine families certified to the standards noted above shall be 4.0 gbhp-hr (5.4 g/kW-hr)
hydrocarbon plus oxides of nitrogen and 50.0 g/bhp-hr (67 g/kW-hr) carbon monoxide for a useful life of 5000 hours or 7 years.
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2. Diesel Off-Road Engine Standards

Compression-ignition engines (diesel) are often used to power forklifts that have large
payload requirements. Almost all diesel forklifts have lift capacities over 6,000 pounds,
and are available with lift capacities exceeding 40,000 pounds.

Diesel forklifts are subject to off-road compression ignition engine standards. ARB has
adopted emission standards for off-road diese! cycle engines equat to or greater than
175 horsepower. The USEPA has adopted NOx emission standards for off-road diesel
cycle engines at or above 50 horsepower. The USEPA rule aligns with California’s first
tier regulations for engines 175 horsepower and greater and took effect in 1996. The
USEPA rule also took effect in 1997 for off-road diesel cycle engines at or above 100
horsepower but less than 175 horsepower and in 1998 for off-road diesel cycle engines
at or above 50 horsepower but less than 100 horsepower. The combination of ARB and
USEPA emission standards means that all of today’s new off-road diesel cycle engines,
including forklifts, 50 to 750 horsepower have to be certified to meet a NOx emission
standard of 6.9 g/bhp-hr.

USEPA, ARB, and off-road diesel engine manufacturers have signed a Statement of
Principles (SOP) that sets forth comprehensive future emission standards for
compression ignition (diesel) off-road engines. The SOP provides for NOx, PM, and
carbon monoxide (CO) emission standards for new engines to be phased-in from 2003
through 2008. USEPA has adopted regulations for off-road diesel equipment consistent
with the emission levels contained in the SOP. The ARB intends to revise California’s
regulations for off-road equipment to harmonize with federal regulations. Table VII-3
contains the applicable USEPA standards for off-road diesel engines.

Table VII-3
USEPA Exhaust Emission Standards for
- Off-Road Diesel Engines
e_ NOx and PM Emission Standards Jl
(g/bhp-hr)
1997/8 2003/2004 2007 2008
Rated Power NMHC | PM | NMHC NMHC
(horsepower) NOXx PM +NOx +NOx | PM | + NOx PM
50 < hp <100 6.9 - 5.6 0.30 5.6 0.30 3.5 [0.30
100< hp < 175 6.9 - 4.9 0.30 3.0 0.22 3.0 (022

D.

Electric Forklifts

Electric forklifts include electric motor trucks with cushion or pneumatic tires (Class 1);
electric motor narrow aisle trucks (Class 2); and electric hand trucks or hand/rider trucks
(Class 3). Class 1 electric forklifts are available in a wide variety of lift capacities from
3,000 pounds to 20,000 or greater pounds. According to market data evaluated by
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ARB, most class 1 forklifts sold today in the U.S. are in the 3,000-6,000 pound lift
capacity range. There does not appear to have been a large penetration of electric
class 1 forklifts with lift capacities greater than 6,000 pounds in the current California or
U.S. market.

Electric forklifts are most typically used in indoor materials handling applications that do
not require large lift capacities (i.e., warehouse/retail operations). There are some
applications where electric forklifts are used extensively, primarily for worker safety.
These applications include confined spaces, cold storage, and food retail (primarily
grocery stores).

Although electric forklifts are primarily designed for indoor operations, a number of
manufacturers are also including equipment features which enable electric models to be
used a wider variety of environments. These features include pneumatic tires (air filled),
which allow the forkilift to be used on unimproved surfaces. Another feature is water
proofing trucks or sealing the electronic compartment to make them more water
resistant for outdoor conditions. Class 1 forkiifts (electric) compete directly with ICE
forklifts for many of the same work applications.

Electric forklifts have no exhaust emissions, and extremely low upstream (power plant)
emissions. Thus electric forklifts can provide significant air quality benefits. EPRI has
prepared several reports on electric forklifts that identify other benefits of electric forklift
usage besides improved air quality. One benefit is that electric forklifts have lower life
cycle costs when compared with ICE models. This is due to lower maintenance costs,
lower fueling costs, and longer useful life for an electric forklift. Although the initial
capital cost is higher for an electric forklift as compared with the ICE forklift, the
incremental cost can be recouped during the useful life of the electric forklift. Because
of the financial benefits to the end user, electric forklifts are already prevalent in the
general market.

E. Control Strategies

Electric forklifts have been widely used for a number of years in the United States.
Increasing the use of electric forklifts by replacing ICE forklifts with electric forklifts
would reduce NOx emissions. Replacing an older electric forklift with a newer electric
model, however, does not reduce emissions. The project criteria for forklifts have been
designed to encourage the replacement of an ICE forklift with an electric forklift and to
exclude projects where "electric to electric" replacements are likely to occur or where
electric forkiifts aiready dominate the market.

1. Forklift Class

Class 1 forklifts are the electric models that compete with ICE forklifts because they are
similar in design and specification. Class 1 forkiifts can be used in many of the same
work applications as an ICE (class 4 or 5) forklift. Increasing the use of class 1 forklifts
relative to class 4 and 5 forklifts would reduce NOx emissions. Class 2 and 3 forklifts
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generally do not compete with ICE forklifts. Since these classes are soiely electric
forklifts, and “electric-to-electric” replacements do not yield NOx reductions, Class 2 and
3 would be excluded from funding under the Carl Moyer Program.

Rough terrain forklifts (Class 7) are primarily powered by diesel engines. Electric or
alternatively fueled options are not currently available for Class 7 forklifts. Hence, Class
7 forklifts would be excluded from the Carl Moyer Program.

2. Industry Application

The most viable control strategies would include funding electric forklifts that replace
ICE forklifts, where electric forklifts are not commonly used. These control strategies
would include construction, miliwork, cargo handling, lumber, plywood, foundries, and
metal work.

Conversely, there are several applications where electric forklifts are used extensively,
as compared to ICE forklifts. These industrial applications include confined spaces
(such as freezers), cold storage, and food retail (primarily grocery stores). Since
electric forklifts are commonly used in these industrial applications, “electric-to-electric”
replacements would also be common. Hence, forklift purchases or replacements in
industries whose primary business includes confined spaces, cold storage, and food
stores are excluded from the Carl Moyer Program.

3. Forkliift Rental

Market data prepared for the Gas Research Institute indicates several interesting trends
regarding forklift usage and ownership. Approximately 55% of Class 1 and 2 forklifts
are owned by the end user, 15% are rented (short-term rentals), and 30% are full
service leases. The proportion of purchased, rented, and leased ICE forklifts (class 4
and 5) is very similar.

Full service leases are an attractive option to many companies because they reduce the
up-front capital costs associated with the purchase of new forklift equipment. Rented
and leased-to-own equipment can be deployed in a wide variety of fleets and work
applications. There is no practical way to ensure that leased or rented electric forklifts
are replacing an ICE forklift, and not an "electric-to-electric” replacement. Therefore,
rented and leased equipment is currently excluded under the project criteria

There are a number of issues associated with leased equipment, such as free-ridership
(electric-to-electric replacements), enforcement, and incremental capital costs. Due to
the lower maintenance and operation costs associated with leasing an electric forklift
over an ICE forkilift, there can be some cost benefits with leasing an electric forklift.
Since reduced costs are already an incentive to the end user, it is hard to determine if
an electric forklift would have still been leased without Carl Moyer Program funding as
the incentive. Furthermore, it is also difficult to determine the appropriate incremental
cost to fund, since an electric forklift may already provide some incentive to the end
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user. Although leased equipment may seem to be a viable project, it is still necessary
to ascertain the conditions under which leased equipment could be incorporated into the
Carl Moyer Program. Therefore, only leased-to-own equipment for certain projects
would be eligible for funding under the Demonstration Program (discussed later in this
document). |

4. Hours of Usage

The report prepared for the Gas Research Institute also indicates that the annual hours
of usage varies significantly between industries. For electric forklifts, the range varies
from 500 hours to 3,500 hours a year, with an average of about 2,250 hours/year. The
average annual hours of usage for an ICE forklift are 1,900 hours/year.

The Gas Research Institute report also estimated that two thirds of electric forklifts are
purchased new, while one third are purchased used. New electric forklift purchasers
often record twice the operating hours as used forklift purchasers. Because of the
reduced usage and life expectancy of older equipment, only the purchase of new
electric forklifts will be funded under the Carl Moyer Program. In addition, all projects
will be required to have an hour meter on each forklift, and track annual hours of
operation for the project life (a minimum of five years). This is to ensure that the
emission benefits of the project are realized. '

5. Battery Charger

One good indication that a business or fieet is not currently using an electric forklift is
whether they have battery chargers. In order to ensure that the Carl Moyer Program is
funding replacement of an ICE forklift with an electric forklift, and not an electric to
electric replacement, all projects will be required to purchase battery chargers. The
number of chargers purchased must correspond to the number of forklifts purchased.
There may be some cases, however, where a charger for every forklift is not necessary.
For example, operations that incorporate daily multiple shifts, or facilities that have fast-
charging equipment. Applicants showing that there is a need to incorporate an amount
of chargers that do not correspond to the amount of forklifts will be evaluated on a case
by case basis.

6. Multiple Shift Operations

According to the Gas Research Institute, on average, both electric and ICE forklifts
operate 1.5 shifts a day, five days a week. Sixty-nine percent of class 1 and 2 (electric)
forklifts operate one shift a day, 16% operate two shifts, and 15% operate three shifts.
According to the survey, on average, an electric (class 1 or 2) forklift is recharged after
11 clock (not meter) hours. Thus, electric forklifts operating in multiple shifts typically
use multiple battery packs and battery change out equipment. For ICE forkiifts, 59%
operate one shift, and almost 40% operate two shifts. The average propane tank is
replaced or refilled after 15 hours. Both electric and ICE forklifts can sit idle for a
significant portion of the shifts during which they are used. Furthermore, the usage
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pattern can vary from continual use to 4 or 5 hours per shift. The Carl Moyer Program
will fund the purchase of one battery pack per forklift purchased. Applications indicating
a request to fund multiple battery packs that may be needed for multiple shift operations
will be considered on a case by case basis. Documentation indicating the extensive
use will be required. :

7. ‘New and Expanded Facilities

For new and expanding facilities it is difficult to determine the level of commitment for
increasing the purchase of electric forklifts over ICE forklifts. In order for a company
with multiple facilities to be funded under the Carl Moyer Program, the company must
demonstrate a commitment to significantly increase the percent of electric forklifts over
ICE forklifts in the company’s fleet. For expanding facilities, companies must
demonstrate that the expansion includes a physical change, such as a 25 percent
increase in square footage.

F. Project Criteria

In order for a forklift project to qualify for funding under the Carl Moyer Program, the
project must meet the specific criteria listed below. In general, the incremental cost of
all projects must meet a cost-effectiveness criterion of $13,000 per ton of NOx reduced.
The forklift must also be operated for at least five years from the time it is first put into
operation, and for at least 75 percent of the time in California.

Funding for electric forklifts with a lift capacity under 6,000 pounds has been provided
via a demonstration project in the SCAQMD for the first two years of the Carl Moyer
Program. Under this demonstration program, SCAQMD staff was successful at
incentivizing electric forklift projects that would not likely have occurred without funding.
In addition, the SCAQMD staff determined that it was appropriate to set a cost-
effectiveness criterion of $3000 per ton of NOx reduced for forklift projects. Funding for
forklifts with lift capacities of 3,000 through 6,000 pounds would be allowed under the
. Carl Moyer Program, however those forklift projects would have separate project criteria
* and a cost-effectiveness criterion of $3,000 per ton of NOx reduced.

The following criteria are listed for forklift projects based on lift capacity.
rklifts with a li acity of nds or greater

« Eligible equipment are four wheel counter-balanced sit-down electric forklifts, rated
class 1, lift codes 5 or 6, plus one battery pack for each forklift purchased.

e For existing, new, and expanding facilities, all forklifts must be purchased new, and
rated for a minimum lift capacity of 6,000 pounds or greater.
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All expanding facilities must provide documentatlon that indicates a significant

physical change in the facility, such as a 25 percent or greater increase in square
feet.

Al eligible projects must also include the installation of battery chargers that
correspond to the number of forklifts purchased. Battery chargers are considered
infrastructure and cannot be included as project costs.

All eligible projects will be required to have an hour meter on each forklift, and track
annual hours of operation.

Ali eligible projects must sign a declaration that the appllcant is not replacing an old
electric forklift with a new electric forklift.

For exnstmg facilities, the ICE forklift which is being replaced must have an engine
rated for 50 horsepower or greater.

NOx reductions obtained through this program must not be required by any existing
regulations or binding agreements.

Forklifts used in commercial (passenger) and military airport operations were not
included in the forklift emissions inventory. They may be eligible for funding
provided they meet both forklift and GSE project criteria.

All applicants must‘purchase new forklifts for use by the applicant. Organizations or
businesses that rent or lease-to-own are not eligible for funding. Rental or leased
equipment costs are also not eligible for funding.

The following are not eligible for funding under this program: food retail stores, cold
storage, and confined space operations (such as freezers).

The following forklift purchases are not eligible: stand up electric forklifts (class 1, lift
code 1), three-wheel electric sit-down rider (class 1, lift code 4), narrow aisle electrlc
forklifts (class 2) or hand/rider trucks (class 3).

When calculating project benefits, the maximum allowable project life for a forkiift
project is five years.

rklifts with a li i h oun
Lift capacities of 3,000 to 5,999 that are new purchases or leased-to-own
Prior to funding, at least one site visit will be required. The site visit will include an
evaluation of a number of factors, such as 1) whether or not fuel switching is

occurring; 2) whether or not the electric forklift would be replacing an ICE forklift; 3)
the customer plans for ICE forklifts that are replaced; and 4) hours of operation.
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Funding will not be approved if the initial site visit determines that the electric forklifts
are replacing older electric forklifts, and not ICE forklifts.

e As a condition of funding, the applicant will agree to participate in the monitoring
program as described in Section |.

« All projects that include leased-to-own equipment must have a signed contract with
the air district that specifies the end user will keep and use the equipment for five
years.

« For reporting purposes, information on these forklifts must include data on hours of
operation (i.e. hours of use, kilowatt-hour use, and hours in idle); the relationship
between horsepower and lift capacity; the cost of charging equipment (including
installation) as it impacts the increased market penetration of electric forklifts, and
recommendations for how leased-to-own equipment could be incorporated into
future project criteria. Data will be presented so that all proprietary and confidential
information is protected.

« All projects must meet all Carl Moyer general requirements, which include a
minimum project life of five years, and a minimum of 75% equipment operation in
California. ‘

« The maximum cost effectiveness for a forklift project under the demonstration
program is $3,000 per ton of NOx reduced.

e When calculating project benefits, the maximum allowable project life for a forklift
project is five years.

G. Sample Application
in order to qualify for incentive funds, districts will make applications available and solicit
bids for reduced-emission projects from forklift operators. A sample application form is

included in Appendix H. The applicant must provide at least the foliowing information,
as listed in Table Vii-4 below: :

95



151

Table VII-4
Minimum Application Information
Forklift Projects

Air District: 9. Cost ($) of the Base Engine (non-electric):
2. Applicant Demographics 10. Cost (3) of Certified Engine:
Company Name:
Business Type: 11. Annual Hours of Operation:
Mailing Address:
Location Address: 12. Percent Operated in California:
Contact Number:;
: Project Life (years):
3. Project Description
Project Name: 13. ICE Forklift Being Replaced (if an existing
. Engine Function: business)
VIN or Serial Number: Horsepower Rating:
Is the electric forklift replacing an older Manufacturer:
non-electric forklift, Model:
part of operation or facility, or facility Year:
expansion, or for a brand new facility
operations ) ] 14. New Engine Information
Maximum rated life capacity (Ibs) ’ Horsepower Rating:
o ‘ Engine Make:
4. Application: (Repower, Retrofit or New) Engine Model:
o . Engine Year:
5. NOx Emissions Reductions Manufacturer and model number of new
Baseline NOx Emissions Factor (g/bhp-hr): forkiift:
NOx Conversion Factor Used: Type of forklift purchases:
Reduced NOx Emissions Factor (g/bhp-hr): o )
Estimated Annual NOx Emissions - 15. PM Emissions Reductions
Reductions: Baseline PM Emissions Factor (g/bhp-hr):
Estimated Lifetime NOx Emissions PM Conversion Factor Used:
Reductions: Reduced PM Emissions Factor (g/bhp—hr).
. Estimated Annual PM Emissions Reductions:
6. Does the applicant rent or lease forklifts to Estimated Lifetime PM Emissions
_others? : Reductions:
7. Cost of forklift (including 1 battery pack) 16. District Incentive Grant Requested:
8. Cost of charging equipment:
H. Emission Reduction and Cost-Effectiveness

1. Emission Reduction Calculation

The emission reduction benefit will be calculated for NOx emissions only and will be
determined using the annual hours of operation. Annual NOx emission reductions are
determined by multiplying the difference in the NOx emission levels by the rated
_horsepower of the engine, the load factor, and the hours the engine is expected to
operate per year. The load factor is an indication of the amount of work done, on
average, by an engine in a particular application, given as a fraction of the rated
horsepower of that engine. [f the actual load factor is known for an engine it shouid be
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used in calculating emission reductions. If the actual load factor is not known, the
default value of 0.30 will be used; this is the load factor used in the ARB inventory for alil
non-const: ction forklifts (all fuels). Another variable in determining emission reductions
is the number of hours the equipment operates. If actual hours of equipment operation
are not available, the default value of 1,900 annual hours should be used to calculate
emission reductions. '

Table 5
Baseline Emission Rates for
Forklift Engines

Rated Power
(horsepower) Type of Engine NOx Emission Rates
>50 horsepower Compression ignition (diesel) 6.9 (g/bhp-hr)
> 50 horsepower Large Spark-ignited (propane) 10.5 (g/bhp-hr)
Uncontrolled '
> 50 <120 Large Spark-ignited (gasoline) 11.8 (g/bhp-hr)
horsepower Uncontrolied
>120 horsepower Large Spark-ignited (gasoline) 12.9 (g/bhp-hr)
Uncontrolled .

2. Cost-Effectiveness Calculation

The portion of the cost for an electric forklift project to be funded through the Carl Moyer
Program is the difference between the cost of purchasing a new electric forklift and
buying a conventional forklift. Only the amount of money provided by the Carl Moyer
program and any local district match funds can be used in the cost-effectiveness
calculations. The one-time incentive grant amount is to be amortized over the expected
project life (at least five years) with a discount rate of five percent. The amortization
formula (given below) yields a capital recovery factor, when multiplied with the initial
capital cost, gives the annual cost of a project over its expected lifetime.

Capﬁal Recovery Factor (CRF) = [(T+N"M/'T (A+)"-1]

‘Where, . i=  discount rate (5 percent)
n=  project life (at least five years)

The discount rate of five percent reflects the opportunity cost of public funds for the Carl
Moyer Program. This is the level of earning that could be reasonably expected by
investing state funds in various financial instruments, such as U.S. Treasury securities.
Cost-effectiveness is determined by dividing the annualized cost by the annual NOx
emission reductions. Example calculations for forklift projects are provided below.
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3. Examples

For the purposes of explaining the emission reduction and the cost effectiveness
calculations from a particular forklift project, two examples are presented below. The
first example describes the calculations based on replacing a diesel forklift with an
electric counter balanced sit down rider electric (class 1) forklift, and the second
example shows calculation for the replacement of a propane forklift.

Example 1 — Calculations for replacement of a diesel forklift, based on hours of
operation.

A forklift owner applies for a Carl Moyer Program grant for the purchase of a new
counter balanced sit down rider electric forklift to replace a diesel powered ICE forklift.
The forkiift owner has decided to purchase a new electric forklift instead of purchasing a
new diesel forklift certified to a 6.9 g/bhp-hr NOX standard. The cost of the new electric
forklift is $39,900, plus $4000 for the battery, whereas the cost to buy a new diesel ICE
forkiift is $35,730. The new forklift will operate 1900 hours annually and will operate
100 percent of the time in California.

ission R ion Cal ion
Baseline NOx Emissions: 6.9 g/bhp-hr
Reduced NOx Emissions: 0 g/bhp-hr
Rated Horsepower: 90 hp
Annual Operating Hours: 1,900 hours
Load Factor: 0.30
% Operated in CA: ‘ 100%
(ton/907,200 g): Converts grams to tons

Baseline Engine
6.9 g/bhp-hr * 90 hp * 1,900 hours/year * 0.30 * 100% * ton/907,ZOOg = 0.39 tons/year

Reduced Engine
- 0 g/bhp-hr * 90 hp * 1,900 hours/year * 0.30 * 100% * ton/907 2009 0.0 tons/year

0.39 tons/year — 0.0 tons/year = 0.39 tons/year NOx reduced
Cost-Effectiveness Calculations

The annualized cost is based on the portion of incremental project costs funded by the
Carl Moyer Program, the expected life of the project (5 years at a minimum), and the
interest rate (5 percent) used to amortize the project cost over the project life. The
incremental capital cost to the equipment owner for this purchase and the maximum
amount that could be funded through the Carl Moyer Program fund are determined as
follows:

Total cost of new electric forklift: $ 39,900 + $ 4,000 = $ 43,900
Incremental Capital Cost: $43,900 - $ 35,730=9$ 8,170
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Max. Amount Funded: $8,170

Capital Recovery: - [(1 + 0.05)° (0.05))/[(1 + 0.05)° — 1] = 0.23
Annualized cost: $8,170*0.23 =% 1,879/year
Cost-Effectiveness: (% 1,879/year)/(0.39 tonslyear) = $ 4,818/ton

The project meets the cost-effectiveness limit of $13,000 per ton NOx reduced and is
eligible for an incentive amount of $8,170.

Example 2- Calculations for replacement of a propane forklift, based on hours of
operation. '

A forklift owner applies for a Carl Moyer Program grant for the purchase of a new
counter balanced sit dawn rider electric forklift to replace a propane powered ICE
forklift. The forklift owner has decided to purchase a new electric forklift instead of
purchasing a new propane forklift with uncontrolled emissions of 10.5 g/bhp-hr. The
cost of the new electric forklift is $30,000 (including one battery pack), whereas the cost
to buy a new propane forklift is $25,000. The new forklift will operate 1900 hours
annually and will operate 100 percent of the time in California.

mission R ion Calculation
Baseline NOx Emissions: 10.5 g/bhp-hr
Reduced NOx Emissions: 0 g/bhp-hr
Rated Horsepower: 60 hp
Annual Operating Hours: 1,900 hours
Load Factor: 0.30
% Operated in CA: 100%
(ton/907,200 g): Converts grams to tons

Baseline Engine
10.5 g/bhp-hr * 60 hp * 1,900 hrs/yr * 0.30 * 100% * ton/907,200g = 0.40 tons/year

Reduced Engine
0 g/bhp-hr * 60 hp * 1,900 hrs/yr * 0.30 * 100% * ton/907,200g) = 0.0 tons/year

0.40 tons/year — 0.0 tons/year = 0.40 tons/year NOx reduced
Cost-Effectivene lculation

The annualized cost is based on the portion of incremental project costs funded by the
Cari Moyer Program, the expected life of the project (5 years at a minimum), and the
interest rate (5 percent) used to amortize the project cost over the project life. The
incremental capital cost to the equipment owner for this purchase and the maximum
amount that could be funded through the Carl Moyer Program fund are determined as
follows:

Total cost of new electric forklift =$ 30,000
Incremental Capital Cost = $ 30,000 - $ 25,000 =% 5,000
Max. Amount Funded =$ 5,000
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Capital Recovery = [(1 + 0.05)° (0.05))/[(1 + 0.05)° - 1] = 0.23

Annualized cost : =$ 5,000 * 0.23 = $ 1,150/year
Cost-Effectiveness = ($ 1,150/year)/(0.40 tons/year) = $ 2,875/ton

The project meets the cost-effectiveness limit of $13,000 per ton NOx reduced and is
eligible for an incentive amount of $5,000.

L Reporting and Monitoring

The district has the authority to conduct periodic checks or solicit operating records from
the applicant that has received Carl Moyer funds for new electric forklift projects. This is
to ensure that the equipment is operated as stated in the program application. Forklift
owners participating in the Carl Moyer Program are required to keep appropriate
records throughout the life of the funded project. Records must contain, at a minimum,
total hours operated, amount of electricity used, type and characteristic of charging
equipment used, maintenance and repair information, and information pertaining to
what was done with the ICE forklift that was replaced. All records must be retained and
updated throughout the project life and made available at the request of the district.
Districts could also conduct a scrapping program to ensure that the ICE forklifts being
replaced are removed from the inventory. |

Districts are also encouraged to closely review applications from applicants who own
multiple facilities (i.e. own a chain of facilities) to determine that the applicant
demonstrates a significant increase in electric forklift purchases at the new facility
versus its existing facilities. Applicants with multiple facilities that are applying for
funding at a new facility (additional outlet) would need to provide the district with_
adequate documentation on the history of forklift purchases for its California facilities.
For example, Applicant X owns three outlets in California and is opening a fourth outlet.
Applicant X is applying for Carl Moyer Program funding for new electric forklifts at that
fourth outlet. Applicant X would need to provide its forklift purchasing history (i.e. the
amount of electric forklifts versus ICE forkiifts at each facility) to the district. In this
example, the district reviews the historical purchasing data and determines that at
facilities 1, 2 and 3 there are 80 percent electric forklifts and 20 percent ICE forklifts.
Based on this data, the district would need to review the application for the new facility
to determine that the applicant is demonstrating a significant increase in electric
purchases over ICE purchases (i.e. 90% electric to 10 % ICE forklifts) at this facility
versus its existing facilities. If the applicant demonstrates a significant increase in
electric forklift purchases. to ICE purchases over its other facilities, then the project could
be funded, provided all other criteria are met.

ARB recommends that the local districts work with a third party, such as a local utility,
on the monitoring program for forklifts with a lift capacity of 3,000 through 6,000 pounds.
This monitoring program has additional requirements such as monitoring a certain
percent of forklifts in this category to determine idling time. The selected percent would
be approved by the district to be representative of the group of forklifts monitored.
These items will also be monitored for a shorter duration. The other parameters such
as hours of usage, amount of electricity used, type and characteristic of charging
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equipment, and maintenance and repair information will be collected for a six to twelve
month period after purchase. Also, costs for maintenance, lease, and charging
equipment (including installation) will also be monitored.
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CHAPTER VIIL.
- AIRPORT GROUND SUPPORT EQUIPMENT

This document presents the project criteria under the Carl Moyer Program for airport -
ground support equipment (GSE), along with proposed edits. It also contains a brief
overview of the NOx emission inventory, current emission standards, available control
technology, potential incentive projects eligible for funding, and emission reduction
calculation and cost-effectiveness calculation methodologles

A. Introduction

Airport vehicles and ground support equipment are used to transport passengers as
well as-baggage and freight, to support maintenance and repair functions, and to
provide power to various service functions. Vehicles and equipment at airports fall into
two broad categories. Land-side vehicles and equipment are used on the
passenger/entry side of the airport. Air-side vehicles are used principally (at least half
of the time) on the tarmac. For the purposes of the Carl Moyer Program, the GSE

- category is restricted to air-side equipment. Land-side vehicles and equipment are
included in the on and off-road vehicles and equipment project criteria previously
adopted by ARB.

Airport GSE includes aircraft pushback tugs, baggage and cargo tugs, carts, forklifts
and lifts, ground power units, air conditioning units, belt ioaders, and other equipment.
It also includes vehicles such as light duty trucks that are used for airplane maintenance

and fueling on the air-side of airport operations. Airport GSE does not include aircraft
engines.

Most GSE in California have internal combustion engines (ICE). Electric GSE has zero
exhaust emissions and thus can greatly reduce NOx emissions. Electric GSE is
commercially available from a number of manufacturers, and interest in the use of
electric equipment is increasing. Currently, there are no federal or California regulations
that require the use of electric GSE. Less than 10% of the GSE used at airports in
California is estimated to be electric.

There are airports, however, with a very high percentage of electric GSE. For example,
Denver International Airport was built within the last ten years, and was designed for all
electric GSE. Also, Logan International Airport in Boston has made considerable
progress in switching from ICE equipment to electric GSE equipment.

B. Ground Support Equipment and Emissions
GSE is used the moment an aircraft lands and until it takes off. GSE is ‘used‘for tasks

as diverse as towing, powering, and servicing. There is great diversity in the type of
equipment used, as well as in the variety of engines that power GSE. The table below
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presents commonly used types of GSE and their estimated population in California.
These estimates are from the ARB off-road emissions inventory. They do not include
updated estimates for the South Coast Air Basin currently under development as part of
the airport consuitative process.

| Table Vi1
Airport GSE Population in California 1995
Statewide
Equipment Type Diesel | Gasoline | LPG/CNG Total
Baggage Tug 440 646 ~ 89 1,175
. Belt Loader 172 304 19 495
Forklifts, lifts & cargo loaders 197 319 214 730
Ground Power Unit 228 71 0 299
Aircraft Tug (narrow & wide body) 214 60 0 274
Airstart Unit 70 0 0 70
Air Conditioner 22 : 0 0 22
Deicer 0 29 0 29
Cart & Lavatory Cart 0 22 0 22
Fuel Trucks 23 56 26 105
Utility Trucks (lavatory, 20 356 31 - 407
maintenance, water & service)
Bobitail 0 92 2 94
Other 17 160 . 17 194
TOTAL | 1,403 2,115 398 3,916

e Baggage Tugs (or Tractors) transport luggage or cargo between aircraft and
terminals. ' o

« Belt Loaders are a self-propelled conveyer belt that moves baggage and cargo
between the ground and the airport.

» Forklifts, Lifts, and Cargo Loaders include equipment for lifting and loading cargo.

e Ground Power Units (GPUs) provide electricity to parked aircraft.

o Aircraft Tugs (pushback tractors) tow aircraft in areas where aircraft can not use
their own engines for motion. These are generally the areas between the taxiway

and the terminal and between the terminal and the maintenance base.

» Air Start Units are trailer or truck-mounted compressors that provide air for starting
up the aircraft's main engines.

e Air Conditioning Units are trailer or truck mounted compressors that deliver air
through a hose to parked aircraft for cabin ventilation and engine cooling.
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* Deicers are trailers equipped with tank, pump, hose, and spray gun to transport and
spray deicing fluid on aircraft (to ensure that no ice builds up on body of plane or in
turbines).

« Lavatory carts are used to service aircraft lavatories. Other types of carts can be
used to transport equipment and personnel.

o Fuel Trucks, Utility Trucks, Maintenance, Water and Service Trucks are used on
the air-side of the airport for many diverse tasks.

o Bobtail Tractors are on-road trucks modified to tow trailers and equipment

Airport GSE can be owned by airlines, airports, cargo handlers, mail and parcel
companies or management companies. Most airlines own or maintain the GSE they
use, or have full service ieasing from equipment management companies. Airports
usually own the buildings and other stationary infrastructure on site and lease them to
the airlines. The installation and cost of improvements, including electric equipment and
vehicle infrastructure, are usually subject to the approval of the airport's property
management staff. Costs can either be borne by the airport or passed on to the airfines.
There is also a growing trend for airports to own the ground power units and charge the
airlines for the time of usage.

As indicated in Table VIll-1, there were an estimated 3,916 pieces of GSE operating in
California in 1995. Table VIII-2 lists 1995 and 2010 estimated NOx emissions from
airport GSE in the South Coast Air Basin and statewide.

Table Viii-2
Baseline NOx Emissions
(- "~ %— R
NOx Emissions
Location Population (tons/day)
. 1995 2010

South Coast Air Basin 2,064 2.7 1.8

Statewide , 3,916 5.0 3.2

C. Emissions Standards

Currently, there are no regulations that require the use of electric GSE at airports.
However, the U.S EPA and ARB have adopted emission standards that are phased in
over time and applicable to new (off-road) GSE equipment powered by internal
combustion engines. Emission standards for GSE are contained in ARB and U.S EPA's
emission standards for off-road equipment. Internal combustion engine GSE can either
be powered by diesel engines (compression ignition engines) or by spark-ignited
engines (which use gasoline, compressed natural gas, or propane fuel). There are
separate emission standards for large spark-ignited engines and compression ignition
engines.
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1. Large Spark-Ignited Off-Road Engine Standards

Current model year large spark-ignited engines are not subject to either ARB or USEPA
emission standards. ARB has approved standards for new large spark-ignited off road
engines to be implemented beginning with the 2001 model year. These standards will
apply to all new off-road spark-ignited engines greater than 25 horsepower, inciuding
off-road airport GSE.

The regulations include exhaust emission standards for hydrocarbons (HC) and oxides
of nitrogen combined, and for carbon monoxide. They ailso establish emission test
procedures, test cycles, test fuel specifications, and emissions compliance
requirements. Table VIII-3 contains the emission standards applicable to large spark-
ignited engines that were approved by ARB.

Table VIii-3
Exhaust Emission Standards
Large Spark-ignited Engines

NMHC + NOx coO Durability Period
Year Engine Size (g/bhp-hr) (g/bhp-hr)

2002 & later <1.0 liter 9.0 410 1000 hours or 2 years
2001-2003 >1.0 liter 3.0 37 N/A
(Phase-in)

2004-2006 >1.0 liter 3.0 37 3500 hours or 5 years

2007 & later >1.0 liter 3.0 37 5000 hours or 7 years

* The standard for in-use compliance for engine families certified to the standards noted above shall be 4.0 gbhp-hr (5.4

@/kW-hr)  hydrocarbon plus oxides of nitrogen and 50.0 g/bhp-hr (67 g/kW-hr) carbon monoxide for a usefu! life of 5000

hours or 7 years.

2,

Diesel Off-Road Engine Standards

ARB has adopted emission standards for off-road diesel cycle engines equal to or
greater than 175 horsepower. The USEPA has adopted NOx emission standards for
off-road diesel cycle engines at or above 50 horsepower. The combination of ARB and
USEPA emission standards means that all of today’s new off-road diesel cycle engines,
including GSE, 50 to 750 horsepower have to be certified to meet a NOx emission
standard of 6.9 g/bhp-hr.

USEPA, ARB, and off-road diesel engine manufacturers have signed a Statement of
Principles (SOP) that sets forth comprehensive future emission standards for
compression ignition (diesel) off-road engines. USEPA has adopted regulations for off-
road diesel equipment consistent with the emission levels contained in the SOP. The
ARB intends to revise California’s regulations for off-road equipment to harmonize with
federal regulations. Table VIli-4 contains the applicable USEPA standards for off-road

diesel engines.
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Table Vili-4
USEPA Exhaust Emission Standards for
Off-Road Diesel Engines _
NOx and PM Emission Standards
(g/bhp-hr)

1997/8 2003/2004 2007 2008
Rated Power NMHC NMHC
(horsepower) | NOXx PM | +NOx | PM | +NOx | PM | NOx | PM
50 <hp <100 6.9 - 5.6 0.30 5.6 0.30 3.5 0.30
100< hp < 175 6.9 -- 4.9 0.30 3.0 0.22 3.0 0.22

3. Electric GSE Equipment

As discussed earlier there are no regulations requiring the use of electric GSE at
airports. Measure M15 in the 1994 State Impiementation Plan (SIP) called for USEPA
~ to set new standards for aircraft engines. The SIP superceded USEPA's Federal
Implementation Plan (FIP) which did call for electric GSE at airports. As an outgrowth
of SIP/FIP activities, ARB, USEPA, the SCAQMD, the Air Transport Association, and
other stakeholders in the South Coast Air Basin have been participating in a Public
Consultative Process that include negotiations to develop approaches (besides aircraft
emission standards) for reducing emissions from airport activities. The use of electric
GSE is currently being considered for a MOU currently under negotiation for the five
major airports in the South Coast Air Basin.

The outcome of these negotiations is expected to result in a Memorandum of
- Understanding signed by the stakeholders, agreeing to reduce emissions from airport
GSE. The MOU will cover five airports in the South Coast: LAX, Ontario, Orange
County, Burbank, and Long Beach. Because those five airports are covered under the

current MOU negotiation process, they would not be eligible for funding under the Carl
Moyer Program. .

D. Control Strategies

A cost-effective way to reduce emissions is to replace GSE powered by an internal
combustion engine with electric equipment. Electric equipment has no exhaust
emissions and replacing equipment powered by ICE engines with electric equipment will
reduce NOx emissions. Electric GSE is commercially available for a number of
equipment types, including belt loaders, baggage tractors, aircraft tugs, lifts, and GPU's.
Several airlines and airports have conducted electric GSE demonstration programs and
fleet conversion programs. Much of the experience to date with electric equipment has
" been quite positive. In addition to air quality benefits, users have found that electric
equipment is more "task specific” than ICE equipment. Electric equipment often
includes more ergonomic features and users find that it "rides better" than equivalent

- diesel equipment. However, the higher capital cost of electric equipment has prevented
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~ its widespread use to date. A detailed discussion of control strategies is included in the
report: "Assessment of Airport Ground Support Equipment Using Electric Power or
Low-Emitting Fuels (Final Report)," prepared for the Air Resources Board by Arcadis
Geraghty & Milier, July 20, 1999.

The Carl Moyer Program will fund the replacement of ICE GSE with comparable electric
equipment. The most promising categories are those where electric equipment has
been used and demonstrated, and is readily available from commercial vendors. This
includes electric baggage tugs, belt loaders, and aircraft tugs. These equipment
categories aiso represent a significant portion of the statewide GSE population, and
also have some of the highest average annual hours of usage. Replacing these ICE
equipment types with comparable electric equipment would reduce NOx emissions.
Therefore, the Carl Moyer Program guidelines have been designed to target these
categories. Other promising projects include lifts and cargo loaders. Deciers, carts,
lavatory carts and airstart units each represent a much smaller part of the GSE
equipment inventory (less than 100 units each statewide). Fuel, utility, water, and
service trucks are not covered under the airport GSE guidelines, but can qualify under
the on-road category, provided they meet on-road vehicle project criteria.

E. General Project Criteria

The primary focus of the Carl Moyer Program is to achieve emission reductions from
off-road engines and equipment operating in California as early and as cost-effectively
as possible. The project criteria are designed to ensure that the emission reductions
expected through the deployment of electric GSE funded under the program are real
and quantifiable. A project must meet a cost-effectiveness criterion of $13,000 per ton
of NOx reduced, must operate for at least five years from the time it is first put into
operation, and at least 75 percent of the hours of operation must occur in California.

F.  Airport GSE Project Criteria

Airport GSE projects must meet the general project criteria, and the specific airport GSE

project criteria provided below. In an effort to normalize the project life for GSE

projects, ARB staff revised the criteria to include a maximum allowable project life for
GSE projects.

« |ICE equipment must be replaced with new electric equipment.
« Eligible equipment includes the following types of equipment: belt ioaders, baggage
tugs or tractors, forklifts, lifts, cargo loaders, ground power units, or aircraft tugs.

Other GSE equipment will be evaluated on a case-by-case basis.

o Equipment must be purchased for use at a commercial (passenger) airport in
California.
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e Equipment purchased for use at a military airport will be considered on a case by
case basis. The equipment must not be covered by any existing regulations or
permit requirements, and the emission reductions must be surplus to any credit
banking programs.

« Equipment must be purchased by the business or organization that will be operating -
the equipment. This includes airports as well as passenger airline companies.

e Purchases by airline service companies or ground handlers are eligible if they
provide documentation (such as written contracts or other binding agreements)
specifying that they will operate the equipment at a passenger airport not excluded
under the Carl Moyer Program for a minimum five year period.

e ThelCE equipment which is being replaced must have an engine rated at 50
horsepower or greater (which is equivalent to an electric motor 37 k|Iowatts or
greater).

» NOx reductions obtained through this program must not be required by any
regulation, memoranda of understanding/agreement, air quality permit requirement,
California Environmental Quality Act (CEQA) or other offset agreement, or any other
legally binding agreement.

. Equipment purchased for use at LAX, Ontario, Orange County, Burbank, or Long
Beach is excluded from the Carl Moyer Program.

o Leased or rented equipment is excluded from the Carl Moyer Program, as is used
equipment.

e The acceptable project life for calculating emission benefits from GSE projects is 5
years.

G. Sample Application
In order to qualify for incentive funds, districts provide applications and solicit bids for
reduced-emission projects from GSE equipment operators. A sample application form

is included in Appendlx I and the minimum project information is listed in Table VilI-5
below.
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Table VIII-5
Minimum Application Information
GSE Projects
1. Air District: 9. New Equipment Information
Horsepower Rating:
2. Applicant Demographics Make:
Company Name: Model:
Business Type: Year:
Mailing Address: Manufacturer
Location Address: Type of New Equipment purchases
Contact Number: Number of New Equipment purchased:
Equipment Operator: (airport, airline,
- equipment management company, other) 10. NOX Emissions Reductions
Baseline NOx Emissions Factor (g/bhp-hr):
3. Project Description NOx Conversion Factor Used:
Project :;lame; _ Reduced NOx Emissions Factor (g/bhp-hr):
\E/Frglg;asgr?acltﬁg'mber Estimated Annual NOx Emissions Reductions:
Airport where equipmént operated: Estimated Lifetime NOx Emissions Reductions:
Equipment Function: (replacernent for an . i .
egst%g equipment, ﬂc(aetpexpansio;,ootﬁer) 11. Cost of New Equipment (including 1 battery pack)
4. Application: (Repower, Retrofit or New) 12. Cost (3) of the Base Engine:
5. Annual Hours of Operation: 13. Cost ($) of Certified LEV Engine:
: PP 14. PM Emissions Reductions
6. Percent Operated in California: Baseline PM Emissions Factor (g/bhp-hr):
7. Project Life (years): PM Conversion Factor Used:
Reduced PM Emissions Factor (g/bhp-hr):
8. Existing ICE Equipment Being Replaced (if an Estimated Annual PM Emissions Reductions:
existing business) Estimated Lifetime PM Emissions Reductions:
Horsepower Rating:
Manufacturer: 15. District Incentive Grant Requested:
Model:
Year:
Fuel Type
H.

Emission Reduction and Cost-Effectiveness

1. Emission Reduction Calculation

The emission reduction benefit will be calculated for NOx emissions only and will be

determined using the annual hours of operation. Annual NOx emission reductions are
determined by multiplying the difference in the NOx emission levels of electric and ICE
equipment, the engine load factor, and the hours the engine is expected to operate per
year.

The load factor is an indication of the amount of work done, on average, by an engine in
a particular application, given as a fraction of the rated horsepower of that engine. If the
actual load factor is known for an engine it should be used in calculating emission
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reductions. If the actual load factor is not known, the default value contained in Table
VIi-6 will be used.

Another variable in determining emission reductions is the number of hours the
equipment operates. If actual hours of equipment operation are not availabie, the
default values given in Table VIiI-6 shouid be used to calculate emission reductions.
ARB staff revised the default values to reflect the most recently adopted version of the
OFFROAD model. Baseline NOx emissions for ICE equipment are provided in Table
VIli-7. All information in Table VIII-6 is taken from ARB's off-road emission inventory.

Table 6
Default Load Factors and Annual Operating Hours —

quﬁ;-)ment Horsepower Load Factor Annual Hours
Belt Loader 51-120 (60)* 0.50 810
Baggage Tug 130-175 (100) 0.55 - 876
Cargo Loaders 51-120 (70) 0.50 719
AJ/C Tugs wide body 250-500 (500) 0.80 515
AJ/C Tugs narrow body 121-175 (130) 0.80 551
Lifts 51-120 (100) 0.50 376
Ground Power Units 120-175 (150) 0.75 796

Table VIii-7

Default Baseline Emission Factors for GSE Equipment

Baseline NOx Emission Rate
Horsepower Range Fuel Type (grams/bhp-hr)
>50 Propane ‘ 10.5
51-120 Gasoline 11.8
121-175 Gasoline. ‘ 12.9
51-300 Diesel 6.9
2. Cost-Effectiveness Calculation

The portion of the cost for a GSE project to be funded through the Carl Moyer Program
is the difference between the total cost of purchasing new electric equipment and the
cost of buying “conventional” replacement equipment. Only the amount of money
provided by the Carl Moyer program and any local district match funds can be used in
the cost-effectiveness calculations. The one-time incentive grant amount is to be
amortized over the expected project life (at least five years) with a discount rate of five
percent. The amortization formula (given below) yields a capital recovery factor, when
multiplied with the initial capital cost, gives the annual cost of a project over its expected
lifetime.
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Capital Recovery.Factor (CRF) = [(1+)"(D]1/[ (A+0)"-1]

Where, = discount rate (5 percent)
n=  project life (at least five years)

The discount rate of five percent reflects the opportunity cost of public funds for the Carl
Moyer Program. This is the level of earning that could be reasonably expected by
investing state funds in various financial instruments, such as U.S. Treasury securities.
Cost-effectiveness is determined by dividing the annualized cost by the annual NOx
emission reductions. Example calculations for GSE projects are provided below.

3. Examples

For the purposes of explaining the emission reduction and the cost effectiveness
calculations from a particular GSE project, two examples are presented below. The first
example describes the calculations based on replacing four diesel baggage tugs with
four electric baggage tugs, and the second example shows calculation for the
replacement of a gasoline belt loader with an electric belt loader.

Example 1 — Calculations for replacement of a diesel baggage tug based on hours
of operation.

A passenger airline in Sacramento applies for a Carl Moyer Program grant for the
purchase of four new electric baggage tugs to replace four diesel baggage tugs
currently in the fleet. The airline has decided to purchase the electric baggage tugs
instead of purchasing new diesel baggage tugs certified to a 6.9 g/bhp-hr NOx standard.
The cost of a new electric baggage tug is $24,000 (each), or whereas the cost to buy a
new diesel baggage tug is $19,000 (each). The new baggage tugs each will operate
876 hours annually (each) and will operate 100 percent of the time in California.

mission R i iculation
Baseline NOx Emissions: 6.9 g/bhp-hr (new diesel baggage tug)
Reduced NOx Emissions: 0 g/bhp-hr (new electric baggage tug)
Horsepower Rating: . 100 hp ;
Load Factor: 0.55
Annual Operating Hours: 876 hours
% Operated in CA: 100%
Converts grams to tons: ton/907,200 g

Baseline Engine
6.9 g/bhp-hr *100 hp * 0.55 *876 hrs/yr * 4 baggage tugs * 100% * ton/907,200 g = 1.46 tons/yr

Reduced Engine
0.0 g/bhp-hr *100 hp * 0.55 *876 hrs/yr * 4 baggage tugs * 100% * ton/907,200 g = 0.0 tons/yr

1.46 tons/year — 0.0 tons/year = 1.46 tons/year NOx emissions reduced
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Cost-Effectiveness Calculations

The annualized cost is based on the portion of incremental project costs funded by the
Carl Moyer Program, the expected life of the project (5 years at a minimum), and the
interest rate (5 percent) used to amortize the project cost over the project life. The
incremental capital cost to the equipment owner for this purchase and the maximum
amount that could be funded through the Carl Moyer Program fund are determined as
follows: '

Total cost of new electric baggage tug
Cost of new diesel baggage tug
Incremental Capital Cost

Max. Amount Funded

Capital Recovery

Annualized cost

Cost-Effectiveness

$ 24,000 x4 =$ 96,000

$ 19,000 x4 =% 76,000

$ 96,000 - $ 76,000 = $ 20,000

$ 20,000

[(1+ 0.05)° (0.05)J[(1 + 0.05)° — 1] = 0.23

$ 20,000 * 0.23 = $ 4,600/year

($ 4,600/year)/(1.46 tons/year) = $ 3,151/ton

The project meets the cost-effectiveness limit of $13,000 per ton NOx reduced and is
eligible for an incentive amount of $20,000.

Example 2- Calculations for replacement of a diesel belt loader based on hours of
operation.

An airline company that operates at the Fresno airport applies for a Carl Moyer Program
grant for the purchase of a new electric belt loader to replace a diesel belt loader in their
existing fleet. The new electric belt loader will be used for five years at the Fresno
airport. The airport has decided to purchase a new electric belt loader instead of
purchasing a new diesel belt loader. The cost of the new electric belt loader is $30,000,
whereas the cost to buy a new gasoline belt loader is $27,000. The new belt loader will
operate 810 hours annually,and will operate 100 percent of the time in California.

Baseline NOx Emissions: 6.9 g/bhp-hr (new diesel belt loader)
Reduced NOx Emissions: 0 g/bhp-hr (new electric belt loader)
Rated Horsepower: 60 hp ' '
Annual Operating Hours: 810 hours

Load Factor: 0.55

% Operated in CA: 100%

Converts grams to tons: ton/907,200 g

Baseline Engine
6.9 g/bhp-hr * 60 hp * 0.55 * 810 hours/year * 100% * ton/307,200 g = 0.20 tons/year

Reduced Engine ‘
0.0 g/bhp-hr * 60 hp * 0.55 * 810 hours/year * 100% * ton/907,200 g = 0.0 tons/year

0.20 tons/year — 0.0 tons/year = 0.20 tons/year of NOx emissions reduced‘ '
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Cost-Effectiveness Calculations

The annualized cost is based on the portion of incremental project costs funded by the
Carl Moyer Program, the expected life of the project (5 years at a minimum), and the
interest rate (5 percent) used to amortize the project cost over the project life. The
incremental capital cost to the equipment owner for this purchase and the maximum
amount that could be funded through the Carl Moyer Program fund are determined as
follows:

Total cost of new electric belt ioader =$ 30,000

Incremental Capital Cost = $ 30,000 - $ 27,000 = $ 3,000

Max. Amount Funded =% 3,000

Capital Recovery =[(1+ 0.05)° (0.05))/[(1 + 0.05)° — 1] = 0.23
Annualized cost =$ 3,000 * 0.23 = $ 690/year

Cost-Effectiveness ($ 690/year)/(0.24 tons/year) = $ 2,875/ton

The project meets the cost-effectiveness limit of $13,000 per ton NOx reduced and is
eligible for an incentive amount of $3,000.

L. Reporting and Monitoring

The district has the authority to conduct periodic checks or solicit operating records from
the applicant that has received Carl Moyer funds for new electric GSE projects. This is
to ensure that the equipment is operated as stated in the GSE program application.
Those participating in the Carl Moyer Program are required to keep appropriate records
during the life of the project funded. Records must contain, at a minimum, total hours
operated, amount of electricity used, and maintenance and repair information. Records
must be retained and updated throughout the project life and made available at the
request of the district.
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CHAPTER IX.

PARTICULATE MATTER EMISSION REDUCTION
REQUIREMENTS AND GOALS

ARB is incorporating a new chapter to describe the Particulate Matter (PM) baseline
levels and calculation methodology. This chapter aiso contains a brief overview of
available control technologies, the Advisory Board's established PM target and
requirement, PM emissions reduction calculations, and examples for calculating PM
emission reductions.

A. Introduction

Diesel PM is a serious public health concern. Diesel PM, like ozone, has been linked to
a range of serious health problems including an increase in respiratory disease, lung
damage, cancer, and premature death. Fine diesel particles are deposited deep in the
lungs and can result in increased hospital admissions and emergency room visits;
increased respiratory symptoms and disease; decreased lung function, particularly in
children and individuals with asthma; alterations in lung tissue and respiratory tract
defense mechanisms; and premature death. On August 27, 1998, after extensive
scientific review and public hearing, the Air Resources Board (ARB) formally identified
particulate emissions from diesel-fueled engines as a toxic air contaminant.

The Carl Moyer Program was originally designed to help California meet the NOx
emission reductions in measure M4 in the 1994 SIP. Although the focus of the program
is on NOx reductions, some of the technologies, such as electric motors and alternative
fueled engines, funded under this program aiso reduce PM. Even without specific
requirements to reduce PM, the Carl Moyer Program has achieved approximately 100
pounds per day of PM reductions from projects funded in its first year. Based on recent
information regarding the risks associated with PM, however, it has become more
critical to include PM reductions into the Carl Moyer Program.

1. Advisory Board Recommendations

'Health and Safety Code, Section 44297 created the thirteen-member Advisory Board
designated with the responsibility of reviewing the Carl Moyer Program and providing
the Legislature and the Governor with a report containing recommendations for the Carl
Moyer Program beyond the first year. The Advisory Board released their report to the
Governor and Legislature on March 31, 2000. |n that report, the Advisory Board
recognized that diesel PM is a serious public health concern and PM reductions are
necessary throughout California. Hence, the Advisory Board established a PM
reduction target for the statewide program and a PM reduction requirement for areas
that are designated as non-attainment for the federal PM standard. As a result of the
PM criteria recommended by the Advisory Board, ARB has incorporated new PM
default baseline levels and calculation methodologies for calculating PM emissions.
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2. Emission Inventory

Statewide NOx and particulate matter less than 10 microns (PMy;) emissions from
selected categories of heavy-duty engines are shown in Table IX-1. PM emissions
statewide from mobile sources are about 120 tons per day (1996 inventory). Heavy-
duty mobile source engines account for about 60 percent of PM mobile source
emissions statewide. Light and medium-duty vehicles account for about 30 percent.
Currently two districts, San Joaquin Valley and South Coast exceed federal PM ambient
air quality standards. Most districts do not attain California’s most stringent state PM
standards, leaving millions of California’s exposed to dangerous amounts of PM on a
daily basis.

Table IX-1
Statewide Emissions from Selected Heavy-Duty Engine Categories

_ Current 2010

Source Category PM PMio
On-Road Heavy-Duty Vehicle ® 37 14
Off-Road Equipment ” 22 26
Locomotive 3 3
Marine 10 12
Total 72 55

a) Emissions from gasoline and diese] trucks and buses. Emissions based on EMFAC7G model, corrected to account for 2004
standards and off-cycle emissions.

b) 1996 emissions from off-road equipment, including equipment less than 50 horsepower. The off-road equipment emissions
inventory is currently being revised. 1996 emissions.

3. Emission Standards

The model year PM emission factors listed in Tables IX-2, IX-3, and IX-4 represent the
EMFAC2000 zero mile emission factors of diesel-powered medium heavy-duty vehicles,

" - heavy heavy-duty vehicles, and urban buses, respectively. School buses and

neighborhood refuse trucks should use the emission factors and conversion factors
according to their GVWR. For alternative-fueled urban transit buses, however, existing
in-use test data shows that PM in-use emissions are 30-50 percent lower for a natural
gas bus certified to the proposed 0.03 g/bhp-hr PM standard than for a diesel bus
engine certified to the proposed 0.01 g/bhp-hr PM standard. So, alternative-fueled
urban transit buses should use 0.025 g/mile PM emission factor.

Table IX-5 provides model year emission factors from the adopted OFFROAD model by
horsepower group. These off-road emission factors would be used for stationary
agricultural irrigation pumps and harbor vessels with medium speed diesel engines.
Table V-2 lists the PM emission factors for locomotives based on USEPA standards
and Tier 0 should be used for uncontrolled engines.
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Table IX-2 _
PM Emission factors for Medium Heavy-Duty Vehicles
14,001 - 33,000 Ibs GVWR

Model Year g/mile
Pre - 1984 ‘ 1.1
1984 - 1986 1.0
1987 - 1990 0.7
1991 - 1993 0.4
1994 - 1997 0.3
1998 - 2002 0.2
2003 + 0.3

Table IX-3

PM Emission factors for Heavy Heavy-Duty Vehicles
33,000 + Ibs GVWR

g/mile

Model Year
Pre - 1975 2.0
1975 - 1983 1.8
1984 - 1986 1.2
1987 - 1990 0.8
1991 - 1993 ‘ : 0.5
1994 - 1998 0.3
1999 - 2002 0.2
2003 + 0.3
Table IX-4
PM Emission factors for Urban Buses
Model Year g/mile
Pre - 1987 - 1.3
1987 - 1990 1.2
1991 - 1993 1.1
1994 - 1995 14
1996 - 1998 1.7
1999 - 2002 0.6
2003 - 2005 0.1
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Table IX-5 -
PM Emission factors for
Heavy-Duty Off-Road Diesel Engines
Horsepower Model Year g/bhp-hr
50-120 Pre -1988 0.84
1988 - 2003 0.69
2004 0.39
2005 : 0.29
121 - 175 Pre -1970 0.77
1970 - 1971 ~ 0.66
1972 - 1987 0.55
1988 - 2002 0.38
2003 ' 0.24
2004 0.19
176 - 250 Pre -1970 0.77
1970 - 1971 0.66
1972 - 1987 0.55
1988 - 2002 0.38
2003 0.24
2004 0.19
2005 0.16
251 -500 ‘ Pre -1970 0.74
1970 - 1971 : 0.63
1972 -1987 0.53
1988 - 1995 0.38
1996 - 2000 0.15
2001 0.12
2002 - 2005 0.1
501 -750 Pre -1970 0.74
' 1970 - 1971 0.63
1972 - 1987 0.53
1988 - 1985 0.38
1996 - 2001 0.15
2002 0.12
- 2003 - 2005 0.11
751+ Pre -1970 0.74
1970 - 1971 0.63
1972 - 1987 0.53
1988 - 1999 0.38
2000 - 2005 0.15
4. Control Technologies

This section discusses current PM retrofit control technologies. A retrofit involves a
hardware modification to an existing engine to reduce its emissions from the standards
to which it was originally certified. ‘
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A variety of catalysts and filters (traps) have been developed over the last five years.
PM catalysts have a control efficiency of around 30% while filters can achieve over 90%
PM reduction. These control efficiencies would increase if used in conjunction with very
low sulfur fuel.

PM catalysts have the advantage of being devices that can be added fairly easily but
are not as effective as filters. Filters, however, require some means of regeneration or
cleaning off the collected PM. The most effective way is to burn it. Failure to burn off
PM in time can plug the filter and stop the engine, while burning too much at one-time
can overheat and damage the filter. In most applications, the diesel exhaust
temperature is not hot enough to start a filter's regeneration cycle.

One of the technologies that manufacturers express as the solution to the diesel PM
problem is a catalyst-based diesel particulate filter (DPF). This is a filter that burns off
the particulate using a catalyst to induce ignition. The catalyst material can either be
directly incorporated into the filter system, or can be added to the fuel as a fuel-borne
catalyst. In several European countries, catalyst-based DPFs have been installed on
more than 6,500 heavy-duty vehicles. In the United States, the application of catalyst-
based DPFs is less prevalent, but several demonstration projects are underway. In
Callifornia, diesel fueled school buses and tanker trucks have been retrofitted with
catalyzed DPFs as part of a program to evaluate the effectiveness of a refiner's low-
sulfur diesel formulation.

B. PM Target and Requirement

Through a public process, the Advisory Board established the following PM reduction
target and requirement:

e A 25 percent PM emissions reduction target for all districts on a statewide program-
basis, except for Serious PM nonattainment areas.

o A 25 percent PM emissions reduction requirement for designated Serious PM

' nonattainment. Non-attainment for the federal PM standard must reduce PM
emissions by 25 percent district-wide (on a program basis, instead of a project-by-
project basis). Currently, SIVAPCD and SCAQMBD are the only two districts affected
by the proposed requirement.

C.  Emission Reductions

The program cost-effectiveness will continue to be calculated based on the NOx
reductions alone. PM emission reductions would be calculated similar to the NOx
emission reductions. For example if a project uses its annual miles traveled to
determine its NOx emissions reductions, then it must also use annual miles traveled as
the basis for determining PM emission reductions. It is important to understand,
however, that baseline uncontrolled PM emission levels and controlled emission levels
for PM emissions will differ from NOx emission level. These factors are listed in tables
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I1X-2 through 1X-5 above. Overall program reductions will be considered when
determining the whether or not the 25 percent target/requirement has been met.

1. Emission Reduction Calcuilations

In order to incorporate the Advisory Board’s PM criteria into the Carl Moyer Program,
ARB is providing PM emission factors to calculate PM emission reductions from the
program. PM emission reductions would be calculated in the same manner as the NOx
emission reductions. Depending on the methodology the guidelines specifies for a
particular project; the same criteria would apply when calculating PM emissions. ARB
staff will determine overall statewide and district compliance with the PM reduction
goals and requirements. If the program falls short, ARB staff will propose modifications
to the program to achieve the necessary requirements.

Tables 1X-2 through IX-4 contain ARB’s proposed PM exhaust emission standards for
on-road heavy-duty engines. For simplification purposes, PM emission reductions will
be expressed in pounds reduced. The project life is provided under the project criteria
in each project category chapter.

2. Examples

Example 1: Diesel-to-Diesel On-Road Vehicle Repower (Calculations Based on
Annual Miles Traveled). A line haul trucking company proposes to repower a model
year 1986 truck with a model year 1990 diesel engine. The truck travels 60,000 miles a
year and has a GVWR of 35,000 pounds. The applicant used the vehicle's annual miles
traveled to determine NOx emissions reductions, and hence, will also use annual miles
traveled to calculate PM emissions reductions.

Baseline PM Emissions: 1.2 g/mile
Reduced PM Emissions: 0.8 g/mile
Annual Miles Traveled: 60,000 miles
% Operated in CA: 100%
Convert grams to pounds: Ibs/454 g

Baseline Engine: 1.2 g/mile * 60,000 miles * 100% * Ibs/454 g = 159 lbs/year
Reduced Engine: 0.8 g/mile * 60,000 miles * 100% * Ibs/454 g = 106 lbs/year

Estimated Annual PM Reductions

159 Ibs/year - 106 Ibs/year = 53 lbs/year PM emissions reduced

Example 2: On-Road Diesel-to-CNG Repower (Calculations Based on Annual
Miles Traveled). Consider a transit company faced with the opportunity of replacing a
fleet of diesel-fueled buses with CNG fueled buses. The applicant opts to use the
annual miles traveled to determine its NOx emissions reductions. Hence, the vehicle’s
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annual miles traveled will be used to determine the PM emissions reduced. The current
heavy-duty diesel engine dates to 1991.

Baseline PM Emissions: 1.1 g/mile
Reduced PM Emissions: 0.025 g/mile
% Operated in CA: 100%
Annual Miles Traveled: 70,000 miles
Convert grams to pounds: Ibs/454 g

Baseline Engine: 1.1 g/mile * 70,000 miles * 100% * Ibs/454 g = 170 |bs/year
Reduced Engine: 0.025 g/mile * 70,000 miles * 100% * Ibs/454 g = 4 Ibs/year

Estimated Annual PM Reductions

170 lbs/year - 4 Ibs/year = 166 Ibs/year PM emissions reduced

Example 3: Locomotive Diesel to Diesel Repower (Calculations Based on Annual
Fuel Consumption). A railroad operator, participating in the Carl Moyer Program,
repowers the uncontrolled diesel engine of a switcher with a lower emitting Tier 1
engine. The applicant used the annual fuel consumption of 50,000 gallons/year to
determine NOx emission reductions, and so will use annual fuel consumption to
calculate PM reductions. This locomotive operates 100% of its activity in California.

Baseline PM Emissions: 0.72 g/bhp-hr
Reduced PM Emissions: 0.52 g/bhp-hr
Energy Consumption Factor: 20.8 bhp-hr/gal
Annual Fuel Consumption: 50,000 gal/year
% Operated in California: 100%

Convert grams to pounds: Ibs/454 grams

Baseline Engine: 0.72 g/bhp—ﬁr * 20.8 bhp-hr/gal * 50,000 gal/yr * 100% * lbs/454 g =
1649 lbs/yr

Reduced Engine: 0.52 g/bhp-hr * 20.5 bhp-hr/gal * 50,000 gal/yr * 100% * Ibs/454 g =
1191 Ibs/yr

im nyal P i

1649 lbs/year - 1191 Ibs/year = 458 Ibs/year PM emissions reduced

Example 4: Off-road Diesel-to-Diesel Repower (Calculations Based on Hours of
Operation). A farmer applies for a Carl Moyer Program grant to repower a grape
harvester's uncontrolled 1969 diesel engine with at lower NOx and PM emitting model
year 2000 diesel engine. Both engines are rated at 195 horsepower. If the farmer used
700 annual hours of operation to determine the NOx emissions reductions, then she
must also base her PM emission reduction calculation on hours of operation. The
project life of the grape harvester is 10 years and it operates 100% in California.
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Baseline PM Emissions: 0.77 g/bhp-hr
Reduced PM Emissions: 0.38 g/bhp-hr
Rated Horsepower: 195 hp

Load Factor: 0.65

Annual Operating Hours: 700 hrs

% Operated in California: 100%
Convert grams to pounds: Ibs/454 g

Baseline Engine
0.77 g/bhp-hr * 195 hp * 0.65 700 hrs/year * 100% * Ibs/454 g = 150 Ibs/year

Reduced Engine
0.38 g/bhp-hr * 195 hp *0.65 * 700 hrs/year * 100% * Ibs/454 g = 74 Ibs/year

Estimated Annual PM Reductions

130 |bs/year - 74 Ibs/year = 76 Ibs/year PM emissions reduced

*NOTE: For areas designated serious nonattainment for PM, ARB will calculate the
PM emission reductions on a program-wide basis, not a project-to-project basis.
Consider the four previous examples as constituting a local district program. These
projects yield a total of 753 Ibs/year of PM reductions and 2128 Ibs/year of baseline PM
emissions. Such a program represents a 35 percent PM emission reduction and meets
the 25 percent PM emission reduction requirement. For areas designated attainment
for PM emissions, ARB will calculate the PM emissions reductlons statewide and the 25
percent PM reduction is a target.

D. Reporting and Monitoring
Each project category chapter contains monitoring and reporting instructions. PM

reporting requirements are included in the minimum information application table of
each project category chapter.
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CHAPTER X.

AUXlLlARY POWER UNITS FOR REDUCING IDLING EMISSIONS
FROM HEAVY-DUTY VEHICLES

This chapter presents the project criteria for auxiliary power units that are installed in an
on-road heavy-duty vehicle to reduce the vehicle's idling emissions under the Carl
Moyer Program. It also contains a brief overview of the engine idling practice of
operators of heavy-duty vehicles, NOx emission inventory, available control technology,
potential projects eligible for funding, and emission reduction and cost-effectiveness
calculation methodologies.

- A.  Introduction

Heavy-duty vehicles are often employed in line-haul service carrying goods across the
state and throughout the nation. The majority of all heavy-duty vehicles are powered by
diesel engines. Heavy-duty vehicles employed in line-haul service are typically greater
than 33,000 pounds GVWR and are grouped under a “class 8" truck classification.
These vehicles often accrue very high annual mileage. It is not uncommon for a line-
haul truck to accrue 100,000 miles, or more, annually. At the same time, however, the
engines in these vehicles also operate at idle conditions for a significant amount of time
annually, unnecessarily consuming fuel and increasing emissions.

Truck idiing practices vary among different fleets, operators, and geographical locations.
There are various reasons why line-haul truck operators idle their engines. Two main
reasons are to keep the engine and fuel warm, especially in very cold weather, and to
heat or cool the cab/sleeper compartment. Since heavy-duty diesel engines do not
operate at optimum efficiency at idle conditions, extended engine idling results in
increased emissions and fuel consumption. Although technologies for reducing idling
~emissions from heavy-duty trucks are commercially available, relatively high initial costs
have prevented these idling reduction strategies from being more widely utilized.

Staff proposes that the Carl Moyer Program provide incentives to reduce emissions
from truck idling by encouraging the purchase and installation of alternative idling
reduction technologies. These technologies would not only reduce idling emissions
from heavy-duty trucks, but would also result in fuel savings and reduced maintenance
costs to truck operators. :

1.  Emission inventory

According to EMFAC2000, idling emissions from heavy-duty diesel trucks account for
about 21 tpd of NOx, or about three percent of the total NOx emissions from this sector
of vehicles in California. This inventory may underestimate the actual amount of
emissions attributable to truck idling since it only accounts for certain defined events of
ldllng that do not comprise the entire envelope of actual idling practices. Idlmg
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emissions from individual trucks are still significant, however, since the idling emission
rate for heavy-duty diesel! trucks is quite large. For example, a single heavy-duty truck
that idles an average of about four hours per day would emit at least one-half ton of
NOx emissions annually, just from idling. :

2. Emission Standards

Aside from the overall emission standards applicable to heavy-duty diesel engines,
there are no specific emissions standards to control heavy-duty engine idling operation.
Some local government and municipalities, however, are beginning to consider
ordinances restricting the length of engine idling. Since there is no existing emission
standards to serve as baseline emission level for the purpose of calculating emission
benefits of an idling reduction technology, staff is proposing to use the EMFAC2000
idling emission rate for heavy-duty diesel trucks as the idling emission baseline.
Currently, some commercially available technology for reducing truck idling emissions
make use of a small off-road engine as the power unit for supplying heating and cooling
needs to the truck/cab and, in some cases, electricity to power the truck accessory
loads. In these cases, the new emission level would be based on the emission
standards that these small off-road engines are certified to. Table X-1 lists the existing
and future emission standards for small off-road diesel engines that are likely to be
employed in auxiliary power unit idling reduction devices.

Table X-1
Emission Standards for 2000 -2004 Model Year
Off-Road Compression Ignition Engines
0—-19 kW (0 - 25.5 hp)

Power Rating Power Rating
Pollutants < 8 kW (10.7 hp) 8 < kW<19 (10.7<hp<25.5)
HC + NOx 10.5 g/kW-hr (7.8 g/bhp-hr) 9.5 g/kW-hr (7.1 g/bhp-hr)
PM 1.0 g/kW-hr (0.75 g/bhp-hr) 0.8 g/kW-hr (0.6 g/bhp-hr)
3. Control Technologies

Several technologies are commercially available that could be employed to reduce
idling emissions from heavy-duty trucks. These technologies are discussed below.

a. iliary Pow ni
Auxiliary power units (APUs) are self-contained power generating devices, typically

- packaged with an internal combustion engine, of ten horsepower or less, that could be
coupled with a generator and heat exchanger to generate electricity and heat. APUs
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are usually installed on the truck chassis outside the truck cab to provide power for the
truck’s accessory loads and to keep the engine warm when the truck is parked. This
would allow the truck operator to refrain from idling the truck main engine for a
significant portion of time. The extent of labor involved in the installation of an APU on
the truck is dependent on the configuration of the truck's engine and chassis and the
plumbing of its heating/cooling system. Heating and cooling of the cab compartment
are accomplished through either dedicated equipment supplied with the APU or through
the truck's existing heating and cooling system. Auxiliary power units are commercially
available and would be able to meet most of the power needs of truck operators.

" b. Direct-Fired Heaters

Direct-fired heaters for truck heating applications are devices that use the combustion
heat of a small internal combustion engine to provide heat directly to the truck's
cab/sleeper area through the use of a small heat exchanger. Because it is designed to
provide heat directly from a combustion flame, the heating efficiency of these units is
much higher than that obtained through the truck's engine due to reduced mechanical
losses and fuel consumption. Two primary limitations of direct-fired heaters for this
application are that they cannot provide cooling and that they draw on the truck's battery
power during operation. Technologies for overcoming the latter limitation are evolving,
but this technology has not gained widespread commercial acceptance.

c. Thermal Storage/Direct-Fired Heaters

Another technology that could provide both heating and cooling for the cab/sleeper
areas is a thermal storage system. This technology uses the heat of transformation
associated with material phase change to provide heating and cooling, respectively, to
the cab/sleeper area. This technology currently has several drawbacks: (1) it cannot
provide heat to the engine to keep it warm unless a direct-fired heater is also
incorporated with the thermal storage system; (2) it cannot provide cooling needs at
night unless the truck's air conditioner was used in the daytime; and (3) it uses the
truck's battery power.

d. Truck Stop Electrification

Another strategy for reducing truck idling is electrification of truck stops or truck rest
areas where trucks are parked overnight. This strategy requires the installation of
charging infrastructure at truck stops and rest areas and requires the retrofit of trucks
with various components, such as engine block heater, fuel heater, electric heater for
cab/sleeper areas, etc. Enabling technologies for an electrification strategy are
commercially available.
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B. Project Criteria

The project criteria for eligible idling reduction strategies for heavy-duty vehicles provide
districts and fleet operators with the minimum qualifications that must be met for a
project to qualify for funding. The proposed criteria are developed specifically for
auxiliary power units that will be installed on a heavy-duty truck to reduce the truck's
idling emissions. ldiing reduction strategies other than through the use of an auxiliary
power unit could be evaluated on a case-by-case basis. Criteria for other idling
reduction strategies may be developed in the future depending on the market demand
and availability for those specific technologies.

Based on the staff's analysis, auxiliary power units would provide a cost-effective
means to reduce idling emissions from heavy-duty diesel trucks. However, because of
the attractive life-cycle cost of this technology, staff is recommending that Moyer funds
not be used to pay for the full cost of an auxiliary power unit. Auxiliary power units are
expected to pay for themselves in a few years, after which, these units will provide a
positive revenue stream to the truck owners/operators in the form of fuel savings. The
payback period and the amount of fuel savings would depend on the total cost of the
units, actual idling hours, fuel prices, and maintenance costs. As such, a maximum
amount of $1,500 per project is proposed for this project category. This amount is
intended to help pay for the actual installation cost of the auxiliary power unit, up to the
$1,500 cap. The actual amount that would be funded for any individual project would
depend on the actual installation cost.

The main criteria for selecting a project are the amount of emission reductions, cost-
effectiveness, and ability for the project to be completed within the timeframe of the
program. These criteria wili also provide districts and vehicle operators with calculations
that must be used for determining emission reductions and cost effectiveness resuiting
from idling emission reduction projects.

+ Eligible prejects must provide at least 15 percent NOx emission benefit compared to
baseline idling NOx emissions;

e NOx reductions obtained through this program must not be required by any existing
regulations, memoranda of agreement/understanding, or other legally binding
documents; - '

+ Engines used in the auxiliary power units must meet current emission standards
must be certified by the ARB for sale in California, and must comply with applicable
durability and warranty requirements;

» An hour-meter must be installed with the APU to record the actual operating time of
the APU and to provide information on the number of hours the APU is utilized;
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¢ The default load factor for the engine used in an auxiliary power unit will be the
maximum power rating of the engine, unless other more appropriate load factors are
proposed and supported by proper documentation;

e Funded projects must operate for a minimum of 7 years and at least 75 percent of
vehicle's idling time must occur in California;

o The maximum Moyer amount that could be funded for these projects is capped at
$1,500 per installation, or the actual installation cost of the auxiliary power unit,
including installation of an hour meter, whichever is less; and

* Projects must meet a cost-effectiveness criterion of $13,000 per ton of NOx reduced.
C. Sample Application

In order to qualify for incentive funds, districts make applications available and solicit

proposals for reduced-emission projects from heavy-duty vehicle operators. A sample

application form is included .in Appendix C. The apphcant must provide at least the
following information, as listed in Table X-2.

D. Emission Reduction and_ Cost Effectiveness
1. Emission Reduction Calculation.

The emission reduction benefit represents the difference in the emission level of a
baseline idling emission level and the emission level of the auxiliary power unit. The
emission level is calculated by multiplying an emission factor by an activity ievel, and,
for the auxiliary power unit, by a load factor. Since emission standards for small off-
road compression ignition engines are stated in terms of NOx plus HC, the total "NOx"
emissions emitted from an engine used in an APU are determined usmg the applicabie
combined NOx+HC emission standards.

The NOXx idling emission factors have been included in the recently adopted

EMFAC2000 emissions model, which accounts for the settlement agreement between

ARB and the diesel engine manufacturers (regarding excess NOx emissions from the

use of alternative injection timing strategles) EMFAC2000 emission factors for truck !
idling are in units of g/hour. . Idling NOx emission factors for heavy heavy-duty diesel

trucks are shown in Table X-3.

2. - Cost-Effectiveness Calculations
For auxiliary power unit projects, only the actual installation cost of an eligible new

auxiliary power unit, subject to a cap of $1,500, will be funded through the Carl Moyer
Program. In order for a project to be considered eligible, the project must meet the
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Table X-2
Minimum Application Information
Auxiliary Power Unit Projects

19. Air District 28. NOx Emissions Reductions
. _ Baseline NOx Emissions Level (g/hr):
20. Project Funding Source: APU NOx+HC Emissions Standard
. . (9/kKW-hr):
21. Applicant Demographlcs Estimated Annual NOx Emissions
Company Name: Reductions:
Business Type: - T L
Mailing Address: Estumat_ed Lifetime NOx Emissions
Location Address: Reductions:
Contact Number: B
29. Cost (3) of Certified APU:
22. Project Description )
Project Name: 30. Installation cost ($) of APU:
Project Type: )
Vehicle Function: 31. Annual Diesel Gallons Used:
Vehicle Class:
GVWR(lbs): 32. Annual Hours ldled (Must be documented or
justified):
23. NOx Reduction Incremental Cost Effectiveness
Analysis Basis: (Mileage/Fuel/Hours of 33. APU Load Factor (Must be documnented or use
Operation) default value):
24. VIN or Serial Number: 34. Project Life (years):
25. Application: (Repower, Retrofit , Idling, or New) | 35. Existing Truck Engine Information
Truck Horsepower Rating:
26. Percent Operated in California: Truck Engine Make:
Truck Engine Model:
27. APU Engine Information Truck Engine Year:
Horsepower Rating: o )
Engine Make: 36. District incentive Grant Amount Requested:
Engine Model: )
Engine Year: 19. Project Contact:
Fuel Type:-
Table X-3

NOx Idling Emission Factors for Heavy Heavy-Duty Diesel Trucks
33,000 + Ibs GVWR :

Weight Class

Grams per Hour

Heavy Heavy-Duty Diesel Trucks

396

$13,000 per ton cost-effectiveness criterion. The total installed cost of the auxiliary
power unit is to be used in cost-effectiveness caiculations. That amount is to be
amortized over the expected project life (at least seven years) and with a discount rate
of five percent. The amortization formula (given below) yields a capital recovery factor,
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which, when multiplied by the initial capital cdst, gives the annual cost of a project over
its expected lifetime.’

Capital Recovery Factor (CRF) = [+ (N1 + D" -1]
Where, |

i= discount rate (5 percent)

n=  project life (at least seven years)

The discount rate of five percent reflects the opportunity cost of public funds for the Carl
Moyer Program. This is the level of earning that could be reasonably expected by
investing state funds in various financial instruments, such as U.S. Treasury securities.
Cost-effectiveness is determined by dividing the annualized cost by the annual NOx
emission reductions. An example calculation for heavy-duty truck idling reduction
project through instaliation of an auxiliary power unit is provided below.

3. Example

Example 1 — APU Project (Calculations based on Fuel Consumption and ldling
Hours). A truck operator proposes to purchase an auxiliary power unit, powered by a
certified 8 kilowatt (10.7 horsepower) engine, to be installed on a heavy-duty truck to
reduce its engine idling hours. This vehicle operates 75% of the time in California and
idles 1,000 hours per year. The load factor for the APU is documented to be 90% of
rated power and the APU would substitute for up to 80% of the truck's idling time.

Baseline Truck NOx Idling Emission Factor: 396 g/hr
APU NOx+HC Emission Standard: 10.5 g/kW-hr
Annual Idling Hours: . 1,000 hours
Load Factor: ‘ 90%

% ldled in CA: 75%

APU Idling Substitution Rate: 80%
Convert grams to tons: ton/907,200g

The estimated reductions are:

Since 80% of idling load is attributable to the APU, 20% of actual idling load is still
carried out by the truck engine, the hourly NOx emission reduction is:

396 g/hr - ((0.20)(396 g/hr) + (0.80)(10.5 g/lkW-hr)(8kW)(0.90)) = 256.3 g/hr

Annual emission reduction is:

256.3 g/hr* 1,000 hours/year * 0.75 * ton/907,200 g = 0.21 tons/year NOx emissions

n - iven Iculati

The annualized cost is based on the installation cost of the auxiliary power unit, the
expected life of the project (7 years), and the interest rate (5 percent) used to amortize
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the project cost over the project life. The maximum amount that could be funded
through the Carl Moyer Program fund is determined as follows:

APU Capital Cost $6,000
APU Installation Cost $1,400
Moyer Amount Requested $1.400

Capital Recovery [(1 + 0.05) (0.05)J/[(1 + 0.05) — 1] = 0.17
Annualized Cost (0.17)($1,400) = $238/year
Cost-Effectiveness ($238/year)/(0.17 tons/year) = $1,133/ton

The cost eﬁectivenéss for the example is less than $13,000 per ton of NOx reduced.
This project would qualify for the maximum amount of grant funds requested, which, in
this case, is the entire installation cost.

E. Reporting and Monitoring.

The district has the authority to conduct periodic checks or solicit operating records from
the applicant that has received Carl Moyer funds for heavy-duty vehicle idling emission
‘reduction projects. This is to ensure that the auxiliary power unit is operated as stated
in the program application. Fleet operators participating in the Carl Moyer Program are
required to keep appropriate records during the life of the funded project. Records must
contain, at a minimum, total hours idled and California hours idled, amount of fuel used,
and maintenance and repair information. Records must be retained and updated
throughout the project life and made available at the request of the district.
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PROGRAM ANALYSIS -
INCENTIVES TO REPLACE PRE-1987 HEAVY-DUTY VEHICLE

A. Background

Pre-1987 heavy-duty diesel trucks still comprise a significant portion of the truck
population in California. These vehicles typically operate at California's ports, haul
aggregate material in and out of densely populated areas, operate around-the-clock,
and on a seasonal basis, hauling agricultural products, as well as other non-line haul,
local delivery appilications. The engines in these trucks are continuing to be rebuilt
since the truck owners/operators typically do not have the financial resources to buy
newer trucks. Furthermore, in cases where it is financially feasible for the owner to buy -
a newer vehicle, there may not be a real economic reason for doing so since these
trucks are usually employed in lower revenue service compared to line-haul or other
applications. :

According to the ARB's emission inventory model (EMFAC2000), pre-1987 heavy-duty
diesel trucks still account for about 20 percent of the total heavy-duty diesel truck
population statewide. This correlates to about 76,000 pre-1987 trucks still in use
throughout California. While these older trucks typically drive fewer miles and make
fewer trips than newer trucks, their emissions are still significant since these engines
were subject to less stringent NOx emission standards and were uncontrolled relative to
- PM emissions. Figures A-1 and A-2 compare the population, miles traveled, and NOx
and PM emissions for heavy-duty diesel trucks statewide, in increments of five model
years. |

B. 1994 Ozone SIP Measure M-7

There is a need to reduce emissions from this segment of the heavy-duty diesel

truck sector, to reduce ozone and benefit the health of all Californians. The ARB, in
fact, proposed a concept for accelerating the retirement of heavy-duty vehicles in its
1994 Ozone State Implementation Plan (SIP) as measure M-7. That measure ‘
envisioned the annual retirement (scrapping or removal) of about 1,600 of the oldest,
highest emitting trucks in the South Coast Air Basin, beginning in 1999 and continuing
through 2010.
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At the time the 1994 ozone SIP was adopted, ARB staff anticipated that the retirement
program could be self-sustaining through the sale of both the best old trucks (for export)
and recovered parts from scrapped trucks. However, as ARB staff worked with the
trucking industry and other stakeholders to develop this measure, it became clear that
measure M-7 would not be abie to deliver the emission reductions for two reasons --
lack of funding and expected emission benefits. The prospects for a self-funded
program dimmed when the anticipated overseas market for old California trucks did not
materialize and ARB better understood the value of these older vehicles to their owners.
Analysis also indicates that the older, high emitting trucks removed from the fleet are
not likely to be replaced with cleaner vehicles, but rather with trucks of similar age from
outside the area, providing little or no emission benefit. Based on these concerns, M7
was withdrawn from the SIP.

C. Feasibility of Incentivizing the Early Replacement of Pre-1987 Heavy-Duty
Vehicles

ARB staff was directed by the Advisory Board to evaluate the feasibility of developing a
heavy-duty vehicle retirement program within the framework of the Carl Moyer Program.
Drawing from ARB’s knowledge learned from SIP measure M-7, two critical factors must
be addressed to ensure a successful heavy-duty vehicle retirement program. First ARB
must determine adequate funding. Second, ARB staff must determine a method for
quantifying emission reductions associated with such a program. Staff evaluated
various options to achieve additional emission reductions from pre-1987 trucks,
including truck repowering and incentivizing the early replacement of pre-1987 heavy-
duty vehicles. Based on the preliminary results of that analysis, staff was not able to
develop a cost-effective program. The data indicate that while some emission
reductions may be achieved, these programs may not be feasible based on associated
program cost-effectiveness and emission benefits. The sections below provide details
pertaining to the results of ARB staff's analysis.

1. Pre-1987 Truck Repowering Option

Initially, repowering with electronic engines appears to be a very attractive and cost
effective strategy for reducing emissions from pre-1987 heavy-duty diesel trucks. The
emissions from these vehicles are higher compared to later model year vehicles. Pre-
1987 heavy-duty diesel trucks were subject to a NOx emission standard of about

10 g/bhp-hr while PM emissions were uncontrolled and are assumed to be much
greater than 0.6 g/bhp-hr, which is the PM standard effective with 1987 model year
trucks. There may be a chance to reduce emissions from a small segment of these
trucks by implementing a strategy that removes the older engines in these trucks and
replaces them with later model year engine. In most of these trucks, however, a project
would be economically unfeasible based on certain technical challenges due to
significant differences in engine designs.
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Pre-1987 heavy-duty diesel engines typically have the injection timing mechanically
controlled instead of ‘electronically controlled as are common in 1991 and later model
year engines. In addition, pre-1987 engines generally have different power
characteristics, especially the torque profile, compared to later model year engines.
Repowering a pre-1987 mechanical engine to a later model year electronic engine
would not be a simple engine swap, but would entail numerous details that must be
addressed. Besides the intuitively expected installation of a new wiring harness to
accommodate the increased presence of electronics, other engine and vehicle
components, such as a new radiator to handle the increased engine heat, must be
upgraded as well. In addition, the existing transmission and rear end of the truck would
need to be examined to ensure that those components would be sufficiently robust to
accept the increased power from the new engine. Because those components were
originally designed to optimize performance with a different engine, and because of
component deterioration associated with age, they may also need to be replaced. Even
in cases where those components are deemed to be strong enough for the new engine,
the gearing for the truck will likely need to be changed to better accommodate the new
engine characteristics and to optimize any emission reduction benefits. The reason is
that the existing vehicle gearing may be incorrectly matched to the engine output such
that the engine cannot operate efficiently. This would result in poor performance and
increased emissions.

While the technical challenges of repowering pre-1987 trucks with electronic engines
could be overcome, the resultant cost may cause this strategy to be economically
unattractive. For example, the basic cost for this type of repowering is estimated to be
about $30,000, including new engine, radiator, wiring harness, other engine-related
components, and labor. If the gearing needs to be changed, and if the transmission
needs to be replaced, the cost could increase to about $40,000. Contrasting this cost to
the market value of the truck, and anticipated emission benefits, this type of project
cannot be justified based on the cost-effectiveness criterion of $12,000/ton. Staff
estimates that based on that cost-effectiveness criterion, the maximum Moyer amount
that could be granted for this type of repowering project would be about $8,500 to
$12,000. This assumes that the repowered truck will be driven the same number of
miles and employed in the same service as the older truck. This amount is well below
the expected cost for this type of project. The owners/operators for these vehicles
generally operate on very slim profit margins and typically would not be expected to
have the financial resources to pay for the difference in expected costs. Thus, staff
believes that for most of these engines, this strategy may not be successful in reducing
emissions.

2. Early Replacement of Pre-1987 Trucks/New Purchase Option

This strategy is an early replacement of pre-1987 truck strategy. The focus of this
strategy is to provide incentives for pre-1987 truck owners to retire their trucks and
replace them with newer, less polluting, 1994 and later model year, trucks. In many
ways, this strategy is very similar to measure M-7 of the 1994 Ozone SIP discussed
earlier. lt is, therefore, not very surprising that the reasons causing measure M7 to be
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infeasible are very much the same reasons why the current option is anticipated to be
unsuccessful.

The first key issue is funding. Whereas, measure M-7 depended on market forces to
fund a self-sustaining program through the sales of some old trucks to oversea markets
and through the sales of parts from scrapped trucks, the current proposal would rely on
Moyer funds to support this accelerated vehicle replacement program. In this case,
Moyer funds would be granted for the purchase of 1994 and later model year heavy-
duty trucks. Staff's preliminary assessment of the used truck market shows that the ‘
market price for a used 1994 or newer truck ranges from $20,000 to $30,000. Based on
staff's earlier analysis for the repowering option, the maximum amount of Moyer fund
that could be paid out would be about $8,500 to $12,000 per truck purchased under this
program. Again, this is based on a cost-effectiveness criterion of $12,000 per ton of
NOx emissions reduced, assuming the new truck will be driven the same number of
miles and employed in the same service as the oider truck. Figure A-3 illustrates the
cost-effectiveness that could be expected for this type program over the range of
estimated costs for buying a newer truck. From this scenario, a truck owner would need
to expend from $8,000 to $21,500 to obtain the newer truck. It is unlikely that a truck
owner would be willing to invest this amount to buy a newer truck under this Moyer
program, especially since his/her current truck is still operating. Also, as discussed
earlier, the revenue generated from the type of work these trucks are employed i in
cannot justify this investment.

FIGURE A-3
COST-EFFECTIVENESS OF PRE-1987
HEAVY-DUTY TRUCK RETIREMENT PROGRAM
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The second key issue is to ensure that real and quantifiable emission reductions

are achieved. Under measure M-7, emission benefits were determined to be much less
than originally anticipated when the 1994 Ozone SIP was developed. The reasons
being that truck owners really have no incentives to sell their old trucks since the market
price for such trucks is severely undervalued relative to their utility to the truck owners.
In addition, even when an owner decides to sell the truck, perhaps because the truck
has deteriorated to the point where it does not make economic sense to repair it, the
owner would very likely buy another truck of similar, or marginally newer, vintage due to
financial constraints. Under this scenario, any emission benefits attributable to a vehicle
retirement program would be very minimal.

Under the option being investigated, this situation would remain essentially unchanged,
even if the old truck were required to be completely destroyed, so that it could not
reenter the used truck market. There are various reasons for this observation, mainly
due to the dynamics of the used truck market and the economics of this sector.

First, these old trucks are typically employed in services with relatively small revenue
and profit by smalier fleet operators. A fleet operator who opted to purchase a newer
truck must be able to justify the economics of the added payment for the new purchase.
If the newer truck were to be employed in similar service, where the revenue stream
presumably would be the same as with the older truck, the added payment for the
newer truck would not be justifiable. Some of the added cost maybe able to be offset
through fuel savings and reduced maintenance costs associated with the newer truck.
But these savings would need to be substantial to improve the economics of the
purchase. If, as a result of having the newer truck, the truck owner decides to switch to
a more lucrative business that could be performed with the newer truck, the old service
would be taken over by other operators. These other operators would very likely use
older trucks to conduct business, the type of trucks that this program is trying to
eliminate. This is because older trucks can be purchase from both in state and out-of-
state truck market, at relatively low prices. Thus, the total population of older trucks
would not be reduced significantly even if some truck owners could be entice to
participate in the proposed Moyer program.

Another factor that would reduce the emission benefit that could be expected with this
program is the off-cycle emissions associated with electronic engines. While the
difference in the NOx emission standards for pre-1987 and 1994-and-later heavy-duty
engines is more than 5 g/bhp-hr, the actual difference in in-use emissions is much less
due to off-cycle emissions. As presented in Chapter i, Table I1-6, the baseline .
emissions for pre-1987 heavy heavy-duty vehicles range from 7.5 g/bhp-hr to 9.8 g/bhp-
hr and 1994-1998 heavy heavy-duty vehicles range from 7.3 g/bhp-hr to 8.9 g/bhp-hr.
Thus, as a result of off-cycle emissions, the emission benefits of an accelerated heavy-
duty vehicle replacement program are not as great as initially appeared.
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D. Conclusions

Based on the foregoing analysis, staff believes that incentivizing the early replacement
of pre-1987 heavy-duty vehicles would not be justified on either cost or emission benefit
considerations. The combination of cost that would need to be funded and the relatively
small real emission reductions that could be obtained, causes the cost-effectiveness to
be quite high compared to other possible projects that could be funded with Moyer
money. A heavy-duty truck owner would be required to put out additional money, not an
insignificant amount in most cases, to compensate for the amount not covered by Moyer
money. As discussed, a truck owner in this market would not likely have the resources,
or the inclination, to do so.

A-7
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INTRODUCTION

To date, the Carl Moyer Program has been funded with one-time State
appropriations of $25 million for FY 1998-99, $23 million for FY 1999-00 ($19 million for
heavy-duty engine projects and $4 million for infrastructure and advanced technology
development), and $50 million doliars for FY 2000-01 ($45 million for heavy-duty engine
projects and $4 million for infrastructure and advanced technology development). The
program is named after the late Dr. Carl Moyer, in recognition of his work in the air
quality field, and his efforts in bringing about this incentive program. The Carl Moyer
Memorial Air Quality Standards Attainment Program (the Carl Moyer program) provides
grants for the incremental cost of cleaner heavy-duty vehicle, off-road equipment,
marine, locomotive engines, forklift, and ground support GSE engines.

The Air Resources Board oversees the program, and develops program

requirements and project criteria. This document is an apphcauon for funding for
districts that wish to administer a local program.

ANNUAL TIMETABLE SCHEDULE

January ‘ Release of staff report with draft Carl Moyer Program Guidelines.
February ARB hearing to consider approval of guidelines.
April | Districtlport authority applications to administer program due.
May ARB review of app’li'cations‘to administer program.
June ARB award of grants.
September District report on implementation efforts due.

- June ' | District report on project status due. Districts should report funds

that are obligated under contract. Funds that are not obligated may
be reallocated to other districts.

June Deadline for districts to have spent program funds (at least having
issued a purchase order).

July District report on program due.
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GRANT PROVISIONS

A. Definitions

1.

2.

Qualifying project means a project that meets the Carl Moyer Program
Guidelines, and which has been approved for funding by the district.
District means the air pollution control or air quality management district
approved for program administration.

B. Matching Fund Requirements

1.

For projects funded under the Carl Moyer Program, the district shall provide
matching funds. If annual funding level for the statewide program is $25 million
or less, district matching funds would be $1 dollar matching funds for every $2
dollars of Carl Moyer Program funds received from the ARB.

If the annual funding level for the statewide program is greater than $25 million,
statewide district matching funds would total $12 million. The formula below

- would be used to determine each district's required matching funds.

istrict’s annual allocation * $1
(current annual funding level - ARB’ administration funds)

. Match funding provided by a port authority to the district for the incremental cost

of qualifying projects at a port may be counted toward the district’s matching fund
requirement.

. Except as provided in B(2), only funding under the district's budget authority may

count toward the district matching fund requirement.

Up to 15 percent of district matching funds may be in the form of administrative
expenses and other in-kind contributions.

Funds provided by the district or port authority for infrastructure for a qualifying
project-shall count as district matching funds.

C. Cost-Effectiveness

1.

how

For each qualifying project, Carl Moyer Program plus district funding shall not
exceed $13,000 per ton of NOx emissions reduced, calculated according to the
Carl Moyer Program Guidelines on a project-by-project basis.

Funding that is not under the district’s budget authority, inciuding but not limited
to private company funding, and motor vehicle registration fee funding provided
by cities and counties in the South Coast Air Basin or the Bay Area, does not
have to be included in the cost-effectiveness calculation.

Infrastructure funding need not be included in the cost-effectiveness calculation.
Port authority funding for incremental cost, if counted toward the matching fund
requirement, must be included in the cost-effectiveness calculation.

B-4



203

. Project Criteria

Districts shall fund only those projécts that comply with the Carl Moyer Program
Guidelines, or those projects approved on a case-by-case basis by ARB's Executive
Officer.

. Monitoring/Reporting

. Districts shall monitor the projects they fund to ensure that the expected emission
reductions occur.

. By September 30", districts shall submit a report on their imblementation efforts.
This shall include:

an overview of application and allocation process

draft project applications, mailout date(s), targeted types of recipients, the number of
recipients of each type on the program mailing list (e. g, 23 trucking firms, 14
warehouse distribution centers, 27 farms)

names of staff responsible for program implementation

report on outreach activities (completed and planned)

. Districts shall report to the ARB by June 30" following corresponding fiscal year
distribution and again by July 31, 2001 on the Carl Moyer Program. The report shall
include a description of projects funded, baseline and incremental project costs,
infrastructure for qualified vehicle and equipment projects, total state funding, and
total district match funding obligated. ARB has developed a program that is

~currently used by districts to report on motor vehicle registration fee projects. ARB
will modify that program to include Carl Moyer Program projects as well.

. Project Selection

Districts shall select which of the qualifying projects to fund based on local priorities.
To expedite program implementation, districts may elect to fund qualifying projects
on a first come, first served basis. Districts may elect to fund a mix of vehicle,
equipment, marine, and locomotive projects. When selecting among competing
projects, districts are encouraged to give priority to projects that yield reductions in
particulate matter (PM) emissions, as well as the required reductions in NOx
emissions. Districts are also encouraged to give priority to the most cost-effective
projects.

FUNDING ALLOCATION

The table that follows shows a tentative funding allocation. Districts may request more

than the funding shown, provided they commit the required matching funds. ARB
expects that the funding requested will exceed the funding available. ARB will
determine the final funding allocation.

B-5
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Funding Allocation

FY 1998/99
District Tentative Funding Allocation
Antelope Valley $300,000
Bay Area AQMD $2,520,570
Mojave Desert AQMD $843,220
Sacramento Metropolitan AQMD $1,925,220
San Diego County APCD $1,083,090
San Joaquin Valley APCD $4,397,230
Santa Barbara County APCD $300,000
. South Coast AQMD $11,273,020
Ventura County APCD $857,650
Other districts $ 1,000,000 total
ARB 2% administration $500,000
TOTAL $25,000,000

Funding Allocation

FY 1999/00
District Tentative Funding Allocation
Antelope Valley $225,000
Bay Area AQMD $1,880,000
Kemn County APCD $225,000
Mojave Desert AQMD $635,678
Sacramento Metropolitan AQMD $1,677,042
San Diego County APCD $809,498
San Joaquin Valley APCD $3,187,452
Santa Barbara County APCD $225,000
South Coast AQMD $8,349,769
Ventura County APCD $645,561
Other districts $ 760,000 total
ARB 2% administration $380,000
TOTAL

$19,000,000

Funding Allocation

FY 2000/2001

Large Districts Tentative Funding Allocation
Anteiope Valley $ 450,000
Bay Area AQMD $ 4,306,133
Kem Eastern Desert $ 450,000
Mojave Desert AQMD $ 1,535,530
Monterey Bay Unified APCD $ 450,000
Sacramento Metropolitan AQMD $ 3,909,604
San Diego County APCD $ 1,850,344
San Joaquin Valley APCD $ 7644979
Santa Barbara County APCD $ 450,000
South Coast AQMD $19,745 849

Ventura County APCD

$ 1,543,561
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Subtotal $42,336,000

Small districts (total) $ 1,764,000
ARB 2% administration $ 900,000
TOTAL $45,000,000

DISBURSEMENT OF FUNDS

ARB will determine the grant award allocations in May. ARB will issue checks to
districts for the initial disbursements in June. The initial disbursement will be 10 percent
of the district’s allocation, or $100,000 — whichever is greater.

The remaining funds will be disbursed on an as needed basis. When a district has
contracts in place for the initial disbursement plus the required matching funds, the
district may request a check from ARB for an additional 10 percent disbursement. ARB
will disburse more than 10 percent of the allocation at a time if the district demonstrates
the need based on additional contracts where project funding is imminent. Estimated
turnaround time for issuance of checks is two to three weeks from the date ARB
receives the request.

ARB encourages districts to implement the program quickly, and to have all the funds
obligated via contract within one year. Districts must submit a report on project status
by June 30" following the distribution of the said fiscal year funds. The report should list
projects, state funds spent to date, additional funds obligated via contract, any contracts
being negotiated, and remaining state funds that have not yet been obligated.

Any funds not obligated under contract after one year may be reallocated to other
districts. Should ARB decide not to reallocate all remaining funds at that time, ARB -
reserves the right to require periodic progress reports, and to reallocate unobligated
funding at any time thereafter.
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FISCAL YEAR: ~ APPLICATION
" FOR CARL MOYER PROGRAM FUNDS

1. APPLICANT DISTRICT

District Name

Street Address
City/Zip
Contact Person Phone

2. MATCH FUNDING ALREADY COMMITTED TO PROJECTS

District funds already obligated for qualifying projects

(include funds obligated between and
for projects that would have qualified
for Carl Moyer Program funding had it been available.)

3. DISTRICT MATCHING FUNDS

Committed as match funding for this program from
through

Motor Vehicle Registration Fee Funds

Other District Funds (please specify type)

4. CARL MOYER PRCGRAM FUNDING REQUESTED

5. DESCRIPTION OF PROJECTS FUNDED

- Attach a description of projects included in 2 above. Districts may use the D1
Projects Detail Report section in the program ARB’s Transportation Strategies
Group developed for reporting motor vehicle registration fee projects. Include
detailed project descriptions so ARB can determine whether the pro;ect funding
qualifies as Carl Moyer program match funding.

To the best of my knowledge and belief, data in this application are true and correct.
The document has been duly approved and authorized by the governing board of the
applicant and the applicant will maintain program compliance with the criteria listed in
the Carl Moyer Program Guidelines.

6. District

Signature Typed Name, Title Date
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Your FY application for Carl Moyer Program funds has been approved as
follows:

District:

Grant Award:

Required Match Amount:
Grant Number:

You are authorized to administer a local program according to the requirements
described in ' ‘

the following documents, which are attached and incorporated as part of this grant:

Completed Application to Administer Program (Attachment A)
Carl Moyer Program Guidelines (Attachment B)

Contacts (Attachment C)

Grant Disbursement Request (Attachment D)

The undersigned parties agree to the terms and conditions as set forth in this grant.
The undersigned parties certify under the penalty of perjury that they are duly
authorized to bind the parties to this grant.

California Air Resources Board: District:

Signature of Authorized Official Signature of Authorized
Official |
Name: Larry Morris Name:

Title: Administrative Services Division Chief Title:

Date: Date:
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ATTACHMENT C
CONTACTS

The ARB contact for general program issues relating to this grant is
Ms. Lucina Negrete. Correspondence regarding program issues, including required
program reports, should be directed to:

Ms. Lucina Negrete Phone: (916) 327-2938
Mobile Source Control Division, North

Air Resources Board

P.O. Box 2815

Sacramento, California 95812

The ARB contact for financial matters relating to this grant is Mr. Blaine Oborn.
Correspondence regarding financial matters, including funding requests after the initial
disbursement, should be directed to: :

Mr. Blaine Oborn | Phone: (916) 322-8215
Administrative Services Division '

Air Resources Board

P.O. Box 2815

Sacramento, California 95812

For technical questions relating to engine certification, please contact

Mr. Michael Pham at (626) 450-6102 or Mr. Duc Nguyen at (626) 575-6844. For
technical questions regarding stationary agricultural pumps, please contact

Mr. Mike Tollstrup at (916) 323-8473. For technical questions regarding other source
categories, please contact Ms. Rosalva Tapia at (916) 322-6973, Ms Erin Weaver at
(916) 322-6971 or Mr. Bob Nguyen at (916) 327-2939.
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GRANT DISBURSEMENT REQUEST
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Funding Category

Carl Moyer
Program Funds

District Funds

Total Carl Moyer Program allocation

Total match funding required

Carl Moyer Program funds received

Project funding obligated via contract to
date

Infrastructure funding obligated via
contracts

Funds will be disbursed in increments of
10% of your allocation, unless additional
funds are needed to meet contractual
obligations. If so, state amount requested.

| certify to the best of my knowledge and belief that the information contained in this
grant disbursement request, including the amount of project funding obligated contract,
is correct and complete and is in accordance with the grant. In addition, | hereby
authorize the Air Resources Board to make any inquiries to confirm this information.

District:

Signature of Authorized Official

Name:
Title:

Date:
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APPENDIX C

ON-ROAD HEAVY-DUTY VEHICLES
PROJECT APPLICATION
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Carl Moyer Memonal Alr Standards Attamment Program

This application is for incentive funds for the purchase of new, reduced-emission on-
road heavy-duty vehicle, vehicle repowers, and engine retrofits.

Please provide the following information regarding your proposed purchase and
application. Additional information may be requested during the review process if
needed. Appiicant acknowledges that award of cash incentive is conditional upon
approval of the District and must meet the minimum eligibility criteria.

Within ten working days of submission, you will either be notified that your application is
complete, or provided with a list of deficiencies. Completed applications fulfilling the

criteria will be approved within 60 working days of receipt. If you have any questions
regarding the appilication process, please contact:

Distn'bt Incentive Program Contact
Contact Phone Number

7 CHECK LIST FOR APPLICATION [TEMS

Be sure the following items are included with your application submittal. Check
each applicable box below to indicate inclusion of material.

QO Completed Applicant Information Form
‘Q Letter of Agreement from Fuel Provider (if ‘app‘licable)
O Co-funding Information (if applicable)

Q Other
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v CHECK LIST FOR ELIGIBILITY CRITERIA v

Please check each applicable box below to indicate eligibility of proposed heavy-
duty vehicle/engine technology project.

The reduced-emission engine/technology:
O is certified for sale in California, or
O is under experimental permit for operation in California,

and
A. For new vehicle purchase projects:

2

Q

Heavy-duty trucks—new engine certified to ARB NOx emission
credit standard that is at least 30 percent lower than the
baseline NOx emission level of the engine being replaced;
Urban transit and school buses—new alternative fuel engine
certified to ARB NOx emission credit standard that is at least 30
percent lower than the baseline NOx emission level of the
engine being replaced.

B. For vehicle repower projects:

a

Q

Pre-1987 model year heavy-duty trucks—the replacement
engine is a 1987-1990 model year mechanical engine certified
to a NOx emission level of 6.0g/bhp-hr;

Urban transit and school buses—the replacement engine is an
alternative fuel engine and is certified to a NOx emission level
that is at least 15 percent lower than the baseline NOx emission
level of the engine being replaced.

C. For retrofit kit or add-on equipment projects:
O shows at least a 15 percent reduction of NOx emissions, and no

significant increase in particulate emissions, compared to the
applicable standards for that engine year and type of application
through:

O California Air Resources Board (ARB) certification testing,

O U.S. EPA certification testing, or

QO Emission testing at a laboratory approved by U.S. EPA or
ARB.

O The retrofit technology is warranted by retrofit manufacturer

and/or authorized dealer.
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. For Auxiliary Power Unit (APU) projects.

a Shows at least 15 percentreduction in NOx emissions than
the heavy duty diesel truck baseline idling emission rate.

Q The engine used in the APU must be certified by the ARB
and the APU must be equipped with an hour meter.

. The purchase is not required by any local, state, or federal rule or
regulation, or used to comply with any such rule or regulation.

. The purchase is not required by any local, state, or federal MOU or
MOA.

. The amount of emission réduction is not required by any local, state, or
federal MOU or MOA.

. Seventy-five percent or more of the vehicle annual miles traveled or
fuel consumption will be within the boundaries of the district, or within
California, for at least five (5) years from the date the vehicle is placed
into service with the new technology.
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ON-ROAD HEAVY-DUTY VEHICLE APPLICATION
Please Print or Type All Information on This and Any Attached Applications.

A. APPLICANT INFORMATION:

Organization/ Company Name:

Project Name:

Contact name;

Person with contract signing authority:

Street/mailing address:

City: _ State: Zip code:
Phone: ( ) Fax: ( )
E-mail:

Geographic area served by organization:

Geographic area to be served by vehicle (if different than above):

Number of heavy-duty vehicles in fleet:

Please check one:

a Vehicle is in line haul service
a Vehicle is in urban bus/school bus service
O - Vehicle is in other heavy-duty services (Describe: )

| hereby certify that all information provided in this application and any
attachments are true and correct.

Printed Name of Responsible Party: Title:

Signature of Responsible Party: Date:

C4
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NEW HEAVY-DUTY VEHICLE PURCHASE APPLICATION SECTION

B. GENERAL INFORMATION ABOUT EACH NEW HEAVY-DUTY V.EHICLE

1. Number of vehicle purchased:

2. Fuel type:

3. Primary function of vehicle (e.g., line haul, local deliver, or passenger):

4a. Estimated total annual hours of 4b. Percent within district boundaries:
operation:

5a. Estimated total annual mileage: 5b. Percent within district boundaries:

6. Estimated annual fuel consumption (in gallons) for each vehicle:

7. Is there any seasonality to the use of the vehicle? YES/NO If Yes, please
explain: :

NEW REDUCED-EMISSION VEHICLE

8. Vehicle Class:

9. Vehicle make:

10. Vehicle model:

11. Model year:

12, Gross Vehicle Weight Rating (GVWR):

13. Engine make:

14. Engine model number:

15. Horsepower:

16. New Engine NOx Emission Factor:

17. New Engine PM Emission Factor :

18. Estimated vehicle life:

C-5
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19. Estimated replacement schedule:

20. Cost of new heavy-duty vehicle that meets current emission NOx standard (4.0
g/bhp-hr):

21. Cost of new heavy-duty vehicle that meets ARB NOx emission credit standards
(<= 2.5 g/bhp-hr):

22. Differential cost of project:

Please check one:

| New reduced-emission vehicle meets ARB optional NOx emission credit
standard of 2.5 g/bhp-hr or less.
Q New reduced-emission vehicle does not meet ARB optional NOx emission credit

standard of 2.5 g/bhp-hr or less.

C. GENERAL INFORMATION ABOUT THE MANUFACTURER/DEALER

Complete the appropriate information, then go to Section F.

NEW HEAVY-DUTY VEHICLE WITH A NEW REDUCED-EMISSION ENGINE

Manufacture/Dealer:

Street address:

City: State:

Phone: ( ) Fax: ( )

Contact name:

C-6
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HEAVY-DUTY VEHICLE REPOWER/RETROFIT APPLICATION SECTION

Please check one:

Q Repowering a heavy-duty vehicle with a new reduced-emission engine
Q Retrofitting a heavy-duty engine with a new reduced-emission technology
0 Installing an auxiliary power unit to reduce idling emissions

D. GENERAL INFORMATION ABOUT EACH ENGINE FOR REPOWER OR
RETROFIT

1. Number of engines, or APUs to be purchased/retrofitted:

2. Fuel type:

3. Primary function of each vehicle (e.g., line haul, local delivery, or passenger):
4a. Estimated total annual hours of 4b. Percent within district boundaries:
operation or annual hours idling time: ‘

5a. Estimated total annual mileage: Sb. Percent within district boundaries:

6. Estimated annual fuel consumption (in gallons) for each vehicle:

7. Is there any seasonality to the use of the vehicle? YES/NO If Yes, please
explain:

CURRENT VEHICLE/ENGINE , NEW REDUCED-EMISSION
: ENGINE/RETROFIT/APU
8. Vehicle make/model: . Vehicle make/model: Same as current
Model year: ' Model year: Same as current
10. Engine make: Engine make:
11. Engine model number: Engine model number:
12. Serial number of engine: Serial number of engine:
13. Horsepower: » Horsepower:
14. Average vehicle life: Estimated remaining vehicle life:
15. Typical rebuild/replacement schedule: |Estimated rebuild/replacement schedule:
16. NOx Emissions Facior: NOx Emissions Factor: (For APU, certified
NOx and HC Emission Factor (g/hr)):

Cc-7
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17. PM Emissions Factor:

PM Emissions Factor:

18. Cost of replacing or rebuilding engine:
$

Cost of replacing or rebuilding engine: $

19. Cost of replacing or rebuilding engine
with low emission technology: $

Cost of replacing or rebuilding engine with
low emission technology: $

20. No current cost

Capital cost of APU:

21. No current cost

Installations Cost of APU:

22. No current cost

APU Load Factor:;

Please check one:
Q

Repower of pre-1987 heavy-duty vehicles, excluding urban and school buses,

achieves at least 15 percent NOx emission reductions from existing NOx

emission standards.

Repower of urban and school buses is for alternative fuel engine and achieves at

least 15 percent NOx emission reductions from existing NOx emission standards

Qa
for that model year.

a Retrofit kit is certified to reduce NOx emissions by at least 15 percent and
complies with ARB emission credit standards.
Proposed repowering or retrofitting projects does not achieve the required
emission reductions. '

Q Install APU in HDV that achieves at

reduction.

least 15 percent NOx idling emission

Complete the appropriate information, then go to Section F.

E. GENERAL INFORMATION ABOUT THE INSTALLER

REDUCED-EMISSION HEAVY-DUTY ENGINE FOR REPOWER (replacement)

Engine installer:

Street address:

City:

State:

Phone: ( )

Fax: ( )

Contact name:

OR

C-8
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HEAVY-DUTY VEHICLE REPOWER/RETROFIT/APU APPLICATION SECTION

(continued)
RETROFIT/APU TECHNOLOGY
RetrofittAPU manufacturer:
Retrofit/APU Installer:
Installer street address:
City: State:
Phone: ( ) Fax: ( )
Contact name: Retrofit kit number:
Description of Retrofit/APU technology:

ALL APPLICANTS MUST COMPLETE THE FOLLOWING SECTION.

F. OTHER INFORMATION

MAINTENANCE

Describe your maintenance facility and practices, including any training regarding the
low-emission technology. If the training has not been completed, provide a time line -
for completion.

REFUELING (for alternative fuels)

Describe how, and where the vehicle will be refueled (e.g. on-site, existing facility,
mobile/skid mounted equipment, etc.) Attach written verification of access to refueling
facility.
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APPENDIX D

OFF-ROAD EQUIPMENT
PROJECT APPLICATION
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Carl'Moyer Memonal Air’ Standards Attamment Program
: F-ROAD EQUIPMENT PROJECT R

Al

This application is for incentive funds for the purchase of new, reduced-emission off-
road equipment, equipment repowers, and/or engine retrofits.

Please provide the following information regarding your proposed purchase and
application. Additional information may be requested during the review process if
needed. Applicant acknowledges that award of cash incentive is conditional upon
approval of the District and must meet the minimum eligibility criteria.

Within ten working days of submission, you will either be notified that your application is
complete, or provided with a list of deficiencies. Completed applications fulfilling the

criteria will be approved within 60 working days of receipt. If you have any questions
regarding the application process, please contact:

District Incentive Program Contact
Contact Phone Number

JWMIMJEMS/

Be sure the following items are included with your application submlttal Check
each applicable box below to indicate inclusion of material.

O Completed Applicant information Form
Q Letter of Agreement from Fuel Provider (if applicable)
Q Co-funding Information (if applicable)

O Other
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v CHECK LIST FOR ELIGIBILITY CRITERIA v

Please check each applicable box to indicate eligibility of proposed off-road
equipment technology.

Q The off-road equipment is 50 horsepower or greater.
O The reduced-emission engine/technology:
1 is certified for sale in California, or
U is under experimental permit for operation in California,

and

A. For new equipment purchase projects:
Q is certified to ARB NOx emission credit standard that is at least 30
percent lower than the existing NOx emission standard.

B. For equipment repower projects:
Q is certified to a NOx emission level of 6.9 g/bhp-hr, or lower, if
replacing an uncontrolied engine, or
a is certified to ARB NOx emission credit standard that is at least 15
percent lower than the NOx emission level of the engine being
replaced if replacing an emission-certified-engine.

C. For retrofit kit or add-on equipment projects:

a shows at least 2 15 percent reduction of NOx emissions, and no
increase in particulate matter emissions, compared to the applicable
standards or emission levels for that engine year and type of
application through:

L California Air Resources Board (ARB) certification testing,
QO U.S. EPA cettification testing, or
QO Emission testing at a laboratory approved by the U.S. EPA
- or the ARB.
O The retrofit technology is warranted by retrofit manufacturer and/or
authorized dealer.

D. The purchase is not required by any local, state, or federal rule or regulation, or
used to comply with any such rule or regulation.

E. The purchase is not required by any local, state, or federal MOU or MOA.

F. The amount of emission reduction is not required by any local, state, or federal
MOU or MOA.

G. Seventy-five percent or more of the equipment fuel consumption or hours of
operation will be within the boundaries of the district, or within California, for at
least five (5) years from the date the equipment is placed into service with the
new technology.
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OFF-ROAD EQUIPMENT APPLICATION

A. APPLICANT INFORMATION:

Organization/Company Name:

Business Type:

Project Name:

Contact Name:

Person with contract signing authority:

Street/mailing address:

City: _ State: Zip code:
Phone: ( ) Fax: ( )
E-mail:

Geographic area served by organization:

Geographic area to be served by equipment (if different than above):

Number of heavy-duty equipment in fleet:

| hereby certify that all information provided in this application and any
attachments are true and correct. ' '

Printed Name of Responsible Party: | Title:

Signature of Responsible Party: Date:
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NEW OFF-ROAD EQUIPMENT PURCHASE APPLICATION SECTION

B. GENERAL INFORMATION ABOUT EACH NEW OFF-ROAD EQUIPMENT

1.  Number of equipment purchased:

2. Fuel type:

3. Primary function of equipment (e.g., construction: earth mover; agriculture:
tractor):

4a. Estimated total annual hours of 4b. Percent within district boundaries:
operation:

5a. Estimated annual fuel consumption (in |5b. Percent within district boundaries:
gallons) for each equipment:

6. Is there any seasonality to the use of the equipment? YES/NO If Yes
please explain:

NEW REDUCED-EMISSION EQUIPMENT

7. Equipment make:

8. Equipment model:

9. Model year:

10. Engine make:

11. Engine model number:

12. Fuel Type:

13. Horsepower:

14. Certified NOx Emission Standard:

15. Certified PM Emission Standard:

16. Estimated equipment life:

17. Estimated replacement schedule:

18. Cost of new off-road equipment that meets current emission NOx standard
(6.9 g/bhp-hr):

19. Cost of new off-road equipment that meets ARB NOx emission credit standard
(<= 5.0 g/bhp-hr):

20. Differential cost of project:

D4



Please check one:

O New reduced-emission engine is certified to ARB optional NOx emission credit
standard that is at least 30 percent lower than the existing NOx emission
standard.

Q0 New reduced-emission engine is not certified to ARB optional NOx emission
credit standard that is at least 30 percent lower than the existing NOx emission
standard. :

C. GENERAL INFORMATION ABOUT THE MANUFACTURER/DEALER

Complete the appropriate information, then go to Section F.

NEW OFF-ROAD EQUIPMENT WITH A NEW REDUCED-EMISSION ENGINE

Manufacture/Dealer: '

Street address:

City: State:
Phone: ( ) Fax: ( )

Contact name:
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OFF-ROAD EQUIPMENT REPOWER/RETROFIT APPLICATION SECTION

Please check one:

U
0

Repowering an off-road equipment with a new reduced-emission engine
Retrofitting an off-road equipment with a new reduced-emission

technology

D. GENERAL INFORMATION ABOUT EACH ENGINE FOR REPOWER OR

operation:

RETROFIT
1. Number of engines to be purchased/retrofitted:
2. Fueltype:
3. Primary function of each equipment (e.g., construction: earth mover; agriculture:
tractor):
4a. Estimated total annual hours of 4b. Percent within district boundaries:

5a. Estimated annual fuel consumption (in
gallons) for each vehicle:

5b. Percent within district boundaries:

6.

Is there any seasonality to the use of the vehicie? YES/NQ If Yes, please

explain:

CURRENT EQUIPMENT/ENGINE

NEW REDUCED-EMISSION
ENGINE/RETROFIT

9. Equipment make/model: Equipment make/model. Same as current
10. Model year: Model year: Same as current

11. Engine make: Engine make:

12. Engine model number: Engine model numﬁerz

13. Serial number of engine: Serial number of engine:

14. Horsepower: Horsepower:

15. Fuel Type: Fuel Type:

16. Average equipment life: Estimated remaining equipment life:

17. Typical rebuild/replacement schedule: |Estimated rebuild/replacement schedule:
18. Cost of replacing or rebuilding engine $: | Cost of replacing or rebuilding engine: 3
19. Cost of replacing or rebuilding engine | Cost of replacing or rebuilding engine
with low emission technology: $ with low emission technology: $

20. NOx Emission Standard: Certified NOx Emission Standard

21. PM emission Standard: Certified PM emission Standard:
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'OFF-ROAD EQUIPMENT REPOWER/RETROFIT APPLICATION SECTION

(continued)
Please check one:
Q Repower of uncontrolled engine—the new replacement engine is certified
to a NOx level of 6.9 g/bhp-hr, or less.
0 Repower of emission-certified engine—the new replacement engine is

certified to ARB NOx emission credit standard that is at least 15 percent
lower than the NOx emission level of the engine being replaced.

Q Retrofitted engine achieves at least 15 percent NOx eémission reductions -
from baseline engine NOx emission levels.
Repower or retrofit engine does not achieve the required NOx emission
reductions.

Complete the appropriate information, then go to Section F.

E. GENERAL INFORMATION ABOUT THE INSTALLER

REDUCED-EMISSION OFF-ROAD EQUIPMENT FOR REPOWER (replacement)

Engine installer:

Street address:
City: : State:
Phone: ( ) Fax: ( )

~|Contact name:

OR
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RETROFIT TECHNOLOGY

Retrofit manufacturer:

Ret_roﬁt Installer:

Installer street address:

City:

State:

Phone: ( )

. Fax: ( )

Contact name:

Retrofit kit number:

Description of retrofit technology:

All applicants must complete this section.

F. OTHER INFORMATION

MAINTENANCE

for completion.

Describe your maintenance facility and practices, including any training regarding the
low-emission technology. If the training has not been completed, provide a time line

REFUELING (for alternative fuels)

facility.

Describe how, and where the vehicle will be refueled (e.g. on-site, existing faciiity,
mobile/skid mounted equipment, etc.) Attach written verification of access to refueling

D-8
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APPENDIX E

LOCOMOTIVES
PROJECT APPLICATION
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“Carl Moyer Memonal AII’ Quallty Standards .Attamment‘ Progr "
"2 2 LOCOMOTIVE: PROJECT E

This application is for incentive funds for the purchase of locomotive reduced-emission
engines, repowers and/or retrofits.

Please provide the following information regarding your proposed purchase and
application. Additional information may be requested during the review process if
needed. Applicant acknowledges that award of cash incentive is conditional upon
approval of the District and must meet the minimum eligibility criteria.

Within ten working days of submission, you will either be notified that your application is
complete, or provided with a list of deficiencies. Completed applications fulfilling the

criteria will be approved within 60 working days of receipt. If you have any questions
regarding the application process, please contact:

District Incentive Program Contact
Contact Phone Number

v CHECK LIST FOR APPLICATION ITEMS

Be sure the following items are included with your application submittal. Check
each applicable box below to indicate inclusion of material.

Q Completed Applicant Information Form
Q Letter of Agreement from Fuel Provider (if applicable)
Q Co-funding information (if applicable)

Q Other
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v CHECK LIST FOR ELIGIBILITY CRITERIA v

Please check each appllcable box to indicate eligibility of proposed locomotive
engine technology.

The existing locomotive is used in line haul services.

The existing locomotive is used in short line services.

The existing locomotive is used in switch yard services.

The existing locomotive is used in passenger services.

The proposed engine technology is eligible for program funding.

opoooo

Check applicabie cateqories below:

The reduced-emission engine/technology:
O has been tested, or '
Q is under experimental permit for operation in California,

and

For retrofit kits or add-on equipment projects:
U shows required reduction of NOx emissions and no significant
increase in particulate emissions compared to the applicable
United States Environmental Protection Agency’s (USEPA)
standard for that engine year and type of application through:

QO California Air Resources Board (ARB) testing,

O U.S. EPA testing, or

Q Emission testing at a Iaboratory approved by the U.S. EPA
or the ARB.

O The retrofit technology is warranted by retrofit manufacturer.

O The purchase is not required by any local, state, or federal rule
or regulation, or used to comply with any such rule or regulation.

O The purchase is not required by any local, state, or federal
binding agreement.

Q The amount of emission reduction is not required by any local,
state, or federal binding agreement.

Q Seventy-five percent or more of the locomotive annual miles and ton-miles traveled
or hours of operation will be within the boundaries of California for at least five (5)
years from the date the locomotive is placed into service with the new technology.
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LOCOMOTIVE APPLICATION
Please Print or Type All Information on This and Any Attached Applications.

A. APPLICANT INFORMATION:

__ e— R

Organization/Company Name:

Business Type:

Contact name:

Person with contract signing authority:.

Street/mailing address:

City: ‘ State: Zip Code: Air District:
Phone: ( ) Fax: ( )
E-mail:

Geographic area served by organization:

Geographic area to be served by locomotive (if different than above):

Number of locomotives in fleet (if available):

| hereby certify that all information provided in this application and any
_attachments are true and correct.

Printed Name of Responsible Party: Title:

Signature of Responsible 'Party: Date:
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LOCOMOTIVE REPOWER/RETROFIT APPLICATION SECTION

Please check one:

a Repowering a locomotive with a new reduced-emission engine (replacement)
Q Retrofitting a iocomotive engine with a new reduced-emission technology

B. GENERAL INFORMATION ABOUT EACH ENGINE FOR REPOWER OR
RETROFIT

1. Number of engines to be purchased/retrofitted:

2. Fuel type:

3. Primary function of each locomotive (e.g. short line, switch yard, line haul, or
passenger):

4a. Estimated total annual hours of 4b. Percent within California:
operation:
5a. Estimated total annual mileage: 5b. Percent within California:

6. Estimated total annual ton-miles:

7. Estimated annual fuel consumption/rate  [8. Incentive Amount Requested:
(in galions or

gallons/hour) for each locomotive:

9. Estimated Project life:

10. s there any seasonality to the use of the locomotive? YES/NOQ If Yes, please
explain: -

CURRENT LOCOMOTIVE/ENGINE NEW REDUCED EMISSION
ENGINE/RETROFIT
11. Model year: - |Model year: Same as current
1z Engine make: Engine make:
13. Engine model year: : Engine mode! year:
14. Engine model number: Engine model number:
15. Serial number of engine: Serial number of engine:
‘ (to be provided when available)
16. Horsepower: Horsepower:
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LOCOMOTIVE REPOWER/RETROFIT

243

APPLICATION SECTION (continued)

17

a. Estimated locomotive engine life (yrs):
b. Estimated engine life remaining (yrs):
c. Estimated dollar value:

Estimated locomotive engine life (yrs):

18. Typical remanufacture/replacement
schedule: ‘

Typical remanufacture/replacement
schedule: .

19. Cost of remanufacture w/out control
Jupgrade: $

Cost of remanufacture with control
upgrade: $

20. Baseline NOx Emission Level (g/bhp-
hr)

Controlled NOx emission Level (g/bhp-hr):

21. Baseline PM emission Level (g/bhp-
hr):

Controlled PM emission Level (g/bhp-hr):

Repower or retrofit of pre 1973 engine achieves required 15 percent emission -
Repower or retrofit of a 1973 and later model year engine tests to either federal

Repower or retrofit of a pre 1973 model year engine does not achieve required

15 percent emission reduction from uncontrolled baseline emissions (see line 19

Ple k one:
Q
reduction from current uncontrolled emissions.
Q
‘ Tier 1 or Tier 2 standards.
Q
above).
Q

Repower or retrofit of a 1973 and later model year engine does not test to either

federal Tier 1 or Tier 2 standards (see line 19 above).

Complete the appropriate information, then go to Section F.

E. GENERAL INFORMATION ABOUT THE INSTALLER

LOCOMOTIVE ENGINE FOR REPOWER (replacement)

Engine installer:

Street address:

City:

State:

Phone: ( )

Fax: ( )

Contact name:

OR
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LOCOMOTIVE REPOWER/RETROFIT APPLICATION SECTION (continued)

RETROFIT TECHNOLOGY

Retrofit manufacturer:

Retrofit Installer:

Instalier street address:

City: State:
Phone: ( ) Fax: ( )
Contact name: Retrofit kit number:

Description of retrofit technology:

All applicants must complete this section.

F. OTHER INFORMATION

MAINTENANCE

Describe your maintenance facility and practices, including any training regarding the
low-emission technology. If the training has not been completed, provide a time line
for completion. -

REFUELING (for alternative fuels)

Describe how, and where the locomotive will be refueled (e.g. on-site, existing facility,
mobile/skid mounted equipment, etc.) Attach written verification of access to refueling
facility.
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APPENDIX F

MARINE VESSELS
PROJECT APPLICATION
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Cai"ly'zﬁoyer%MemoriawA, ‘Quality: Standards Attainment Program
MARINE:VESSEL"PROJECT

This application is for incentive funds for the purchase of reduced-emission engines
used in marine vessels, repowers, and/or retrofits.

Please provide the following information regarding your proposed purchase and
application. Additional information may be requested during the review process if
needed. Applicant acknowledges that award of cash incentive is conditional upon
approval of the District/Port and must meet the minimum eligibility criteria.

Within ten working days of submission, you will either be notified that your application is
complete, or provided with a list of deficiencies. Completed applications fulfilling the

criteria will be approved within 60 working days of receipt. If you have any questions
regarding the application process, please contact:

District Incentive Program Contact
Contact Phone Number

v CHECK LIST FOR APPLICATION ITEMS v
Be sure the following items are inciluded with your application submittal. Check
each applicable box below to indicate inclusion of material.
O Completed Applicént Information Forrﬁ
0 Letter of Agreement from Fuel Provider (if applicable)
Q Co-funding Information (if applicable)

Q Other

F-1
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v CHECK LIST FOR ELiGIBILlTY CRITERIA v

Please check each applicable box to indicate eligibility of proposed marine vessel
engine technology.

The existing marine vessel is used as an auto carrier.

The existing marine vessel is used as a bulk carrier.

The existing marine vessel is used as a container ship. .

The existing marine vessel is used as general cargo.

The existing marine vessel is used as a passenger ship.

The existing marine vessel is used as a reefer.

The existing marine vessel is used as a RORO.

The existing marine vessel is used as a tanker.

The existing marine vessel is used as tug/tow/push boat.

The existing marine vessel is used as a work/supply/utility boat.
The existing marine vessel is used as a fishing vessel.

The existing marine vessel is used as a U. S. Navy ship.

The proposed engine technology is eligible for program funding.

oooododoooodoon

Check licabl eqori low:

The reduced-emission engine/technology:
1 has been tested, or
Q is under experimental permit for operation in California,

and

For retrofit kits or add-on equipment projects:

O shows at least a 15 percent reduction of NOx emissions and no significant
increase in particulate emissions compared to the applicable United
States Environmental Protection Agency’s (USEPA) standard for that

“engine year and type of application through:

4 California Air Resources Board (ARB) testing,
O U.S. EPA testing, or
0 Emission testing at a laboratory approved by the U.S. EPA or the ARB.

Q The retrofit technology is warranted by retrofit manufacturer.

. The purchase is not required by any local, state, federal or international
maritime rule, regulation, or binding agreement.

O The amount of emission reduction is not required by any local, state,
federal, or international maritime rule, regulation, or binding agreement.
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MARINE VESSEL APPLICANT INFORMATION SECTION
Please Print or Type All Information on This and Any Attached Applications.

249

A. APPLICANT INFORMATION:

Organization/Company Name:

Project Name:

Business Type:

Contact name:

Person with contract signing authority:

Street/mailing address:

City: State: Zip code: Air District:
Phone: ( ) Fax: (
E-mail:

Geographic area served by organization:

Geographic area to be served by marine vessel (if different than above):

Number of marine vessels in fleet:

I hereby certify that all information provided in this application and any

attachments are true and correct.

Printed Name of Responsible Party:

Title:

Signature of Responsible Party:

Date: . |
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MARINE VESSEL REPOWER/RETROFIT APPLICATION SECTION

Please check one:

Q Repowering a marine vessel with a new reduced-emission engine (replacement)

Q Retrofitting a marine vessel engine with a new reduced-emission technology

B. GENERAL INFORMATION ABOUT EACH ENGINE FOR REPOWER OR
RETROFIT

1. Number of engines to be purchased/retrofitted/repowered:

2. Dead weight tonnage (DWT): |

3. Type of engines:

4. Fuel type for each engine (if applicable):

5. Primary function of each marine vessel (e.g. auto carrier, container ship, general

boats, fishing vessel, and/or U.S.. Navy ship):

cargo, passenger ship, reefer, RORO, tanker, tug/tow/push boat, work/supply/utility

6. Propulsion type (motorship, or steamship):

7. Annual number of port calls in a port:

8. Annual number of port calls in a
California:

9. Estimated total annual hours of operation
per port call in each service mode:

a. Cruise: :

b. P-Zone Cruise:

c. Maneuvering:

d. Hotelling:

10. Average ship service speed in
each service mode:

a. Cruise:

b. P-zone cruise:

¢. Maneuvering:

d. Hotelling

11. Average fuel consumption/rate (gallons or
gallons/hour) per port call for each service
mode:

Cruise:

P-Zone Cruise:

Maneuvering:

. Hotelling:

opoo

12. Average fuel consumption (gallons)
per port call for auxiliary power (if
applicable):

a. Boilers (motorship):

b. Engines (motorship):

c. Main boilers (steamship):

13a. Estimated total annual nautical miles in
California coastal water boundary::

13b. Percent within California
boundaries:

14. Estimated annual fuel consumption (in

gallons) for each marine vessel:

15. Incentive Amount Requested:

16. Estimated Project Life:

explain;

17. Is there any seasonality to the use of the marine vessel? YES/NO L Yes, please

F-4
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MARINE VESSEL REPOWER/RETROFIT APPLICATION SECTION (continued)

CURRENT MARINE VESSEL/ENGINE

NEW REDUCED EMISSION
ENGINE/RETROFIT

Model year:

18. Model year: Same as current
19 Engine make: Engine make: Same as current
20. Engine model number: Engine model number:
21, Serial number of engine: Serial number of engine:
(to be provided when available)
22. Horsepower: Horsepower:

23. Average engine life (yrs):

b. Estimated engine life remaining (yrs):
c. Estimated dollar value:

a. Estimated locomotive engine life (yrs): .

Average marine vessel engine life (yrs):

24 Typical rebuild/replacement schedule:

Typical rebuild/replacement schedule:

25.Cost of replacing/rebuilding engine
w/out control: $

Cost of replacing/rebuilding engine with
control: $

26.NOx emission level w/out control
(Ibs/1000 gals):

NOx emission level with control (Ibs/1000
gals):

27 .PM emission level:

PM emission level:

Please check one:

from baseline uncontrolied emissions.

Repower or retrofit of engine achieves required 15 percent emission reduction

Repower or retrofit of engine does not achieve requu'ed 15 percent emission

reduction from baseline uncontrolled emissions (see line 26 above).
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MARINE VESSEL REPOWER/RETROFIT APPLICATION SECTION (continued)

Complete the appropriate information, then go to Section F.

E. GENERAL INFORMATION ABOUT THE INSTALLER

MARINE VESSEL ENGINE FOR REPOWER (replacement)

| Engine installer:

Street address:

City: State:

Phone: ( | ) Fax: ( )

Contact name:

OR

RETROFIT TECHNOLOGY

Retrofit manufacturer:

Retrofit Instalier:

Installer street address:

City: _ State:

Phone: () o —

Contact name:; Retrofit kit number:

Description of retrofit technology:
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MARINE VESSEL REPOWER/RETROFIT APPLICATION SECTION (continued)

All applicants must complete this section.

F. OTHER INFORMATION

MAINTENANCE

Describe your maintenance facility and practices, including any training regarding the
low-emission technology. [f the training has not been completed, provide a time line
for completion.

REFUELING (for alternative fuels)

Describe how, and where the marine vessel will be refueled (e g. on-site, existing

facility, mobile/skid mounted equipment, etc.) Attach written verification of access to
refueling facility.
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APPENDIX G

STATIONARY AGRICULTURAL IRRIGATION PUMPS
PROJECT APPLICATION
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Carl Moyer Merhorial Air Standards Attainment Program
STATIONARY AGRICULTURAL ENGINE
PPLICATION

This application is to be used for incentive funds for stationary agricultural engine
repowers, engine replacements with electric motors, and/or engine retrofit projects.

Please provide the following information regarding your proposed purchase and
application. Additional information may be requested during the review process if

needed. Applicant acknowledges that award of cash incentive is conditional upon
approval of the District and must meet the minimum eligibility criteria.

Within ten working days of submission, you will either be notified that your application is
complete, or provided with a list of deficiencies. Completed applications fulfilling the

criteria will be approved within 60 working days of receipt. If you have any questions
regarding the application process, please contact:

District Incentive Program Contact
Contact Phone Number

v CHECK LIST FOR APPLICATION ITEMS v

Be sure the following items are included with your application submittal. Check
each applicable box below to indicate inclusion of material.

Q Con;pleted General Information

O Completed Engine Repower or Retrofit Information
4 Completed Electric Motor Replacement Information
O Co-funding Information (if applicable)

O Other

- G-1
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.J CHECK LIST FOR ELIGIBILITY CRITERIA v

Please check each applicable box to indicate eligibility of proposed stationary
agricultural engine technology.

O The stationary agricultural engine is 50 horsepower or greater.
O The engine/technology is eligible for program funding.

Check applicable categories below:

The reduced-emission engine/technology:
O is certified for sale in California;

and

1 meets the minimum NOx emission reduction requirment, with no increase in
particulate matter emissions, compared to the applicable standards or
emission levels for that engine year and type of application through:

QO California Air Resources Board (ARB) certification testing,
O U.S. EPA certification testing, or
O Emission testing at a laboratory approved by the U.S. EPA or the ARB;

and

O for pre-1996 mode! year engines, meets the qualifying NOx level of
6.9 g/bhp-hr,
O for 1996-2000 model year engines, meets the qualifying NOx level of:
O 4.5 g/bhp-hr for engines of 50-750 horsepower, or
O 15 percent of the uncontrolled NOx baseline emissions for engines
greater than 750 horsepower, _
Q for 2000+ model year engines, meets the qualifying NOx level of 4.5 g/bhp-hr,
or
O for 2001+ model year engines, meets the qualifying NOx level of 4.0 g/bhp-hr.

O The retrofit technology is warranted by retrofit manufacturer and/or authorized
~ dealer.

O The purchase is not required by any local, state, or federal rule or regulation, or used
to comply with any such rule or regulation.

O The purchase is not required by any local, state, or federal Memorandum of
Understanding (MOU) or Memorandum of Agreement (MOA).

0 The amount of emission reduction is not required by any local, state, or federal
MOU.
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STATIONARY AGRICULTURAL ENGINE APPLICATION
Please Print or Type All Information on This and Any Attached Applications.

APPLICANT INFORMATION:

Organization/Company Name:

Business Type:

Project Name:

Street/Mailing Address:

City: State: Zip Code:
Contact Name:

Phone: ( ) Fax: ( )

E-mail:

Number of Stationary Agricultural Engines:

Number of Stationary Agricultural Engines to be Replaced/Retrofitted:

| hereby certify that all information provided in this application and any

attachments are true and correct.

Printed Name of Responsible Party:

Title:

Signature of Responsible Party:

Date:
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STATlOlNARY AGRICULTURAL ENGINE APPLICATION
* Engine Repower or Retrofit Information

For each engine that you plan to repower/retrofit, complete and attach one copy
of the appropriate form. :

1.

Company Name:

2.

(W

Please Check One:

Repowering a stationary agricultural engine with a new reduced-emission engine
Retrofitting a stationary agricultural engine with a new reduced-emission technology

A. Information About New Reduced-Emission or Retrofitted Engine:

3. Engine Type: 1 Compression Ignition QO Spark Ignition

4. Engine Manufacturer:

5. Engine Model: 6. Engine Series: : 7. Engine Serial Number:
8. Manufacturer's Maximum Rated Brake | 9. Year of Manufacturer:

Horsepower Rating: '

10. Primary Fuel: U Diesel QO Natural Gas O Other - If “Other,” specify
fuel:

11. Estimated Total Annual Hours of 12. Estimated Engine Operating Load:
Operation: '

13. Estimated Annual Fuel Consumption (include units):

14.

Primary Function of Engine (e.g., irmigation pump):

15. Is there any seasonality to the use of the engine? YES/NO If Yes, please explain:

16. Estimated Engine Life: : 17. Estimated Rebuild/Replacement
Schedule:

18. Cost of Rebuilding/Replacing Engine: 19. Cost of Rebuilding/Replacing Engine

$ with Low Emission Technology: $
20. Certified NOx Emission Standard: 21. Certified PM Emission Standard:
22.
22. Indicate certified engine United State Environmental Protection Agency Standardized

Engine Family Name:

23
Q
Q
on

. Indicate the method of recordkeeping that will be used:

Annual fuel use records
Annual records of hours of operation as verified by non-resettable hour meter installed
the engine
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STATIONARY AGRICULTURAL ENGINE APPLICATION
Engine Repower or Retrofit Information (continued)

B. Information About Existing Engine to be Repowered or Retrofitted:

1. Engine Type: O Compression Ignition O Spark Ignition

2. Engine Manufacturer:

3. Engine Model: 4. Engine Series: 5. Engine Serial Number:

6. Manufacturer's Maximum Rated Brake | 7. Year of Manufacturer:
Horsepower Rating:

8. Primary Fuel: 0 Diesel QO Natural Gas Q Other ' If “Other,”

specify fuel:

9. Average Engine Life: 10. Typical Rebuild/Replacement
Schedule: | |

11. Cost of Rebuilding/Replacing Engine: | 12. Cost of Rebuilding/Replacing Engine

$ | with Low Emission Technology: $

13. Baseline NOx Emission Standard: 14. Baseline PM Emission Standard:

15. Indicate certiﬂed engine United State Environmental Protection Agency or Air
Resources Board Standardized Engine Family Name (if applicable):

C. General Information About the installer:

Please complete the information below for engine repower (replacement)

1. Engine installer:

2. Street Address:

City | State: Zip Code:

3. Contact Name:

Phone: ( ) ' ‘ Fax: ( )
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Please complete the information below for engine retrofit

4. Retrofit Manufacturer:

5. Retrofit Installer:

6. Instalier Street Address:

City State: Zip
Code:

_ 7. Contact Name:

Phone: ( ) | Fax: ( )

8. Retrofit Kit Number:

9. Description of Retrofit Technology:

STATIONARY AGRICULTURAL ENGINE APPLICATION
Electric Motor Replacement information

For each engine that you plan to replace, complete and attach one copy of the
appropriate form.

1. Company Name:

2. Please Check One:

Replacing a stationary agricultural engine with an electric motor
Replacing an electric motor with a new electric motor

oo

A. Information About Existing Engine to be Replaced:

3. Engine Type: 0 Compression Ignition O Spark ignition

4. Engine Manufacturer:

5. Engine Model: 6. Engine Series: 7. Engine Serial Number:

8. Manufacturer's Maximum Rated Brake | 9. Year of Manufacturer:
Horsepower Rating:

10. Primary Fuel: O Diesel 0 Natural Gas O Other = If “Other,”
specify fuel: : _

G6




11. Estimated Total Annual Hours of 12. Estimated Engine Operating Load:
Operation:

13. Estimated Annual Fuel Consumption (include units):

14. Primary Function of Engine (e.g., irrigation pump):

15. Is there any seasonality to the use of the engine? YES/NO If Yes, please
explain:

16. Average Engine Life: 17. Typical Rebuild/Replacement
Schedule:

18. Cost of Rebuilding/Replacing Engine‘: 19. Cost of Rebuilding/Replacing Engine

$ with Low Emission Technology: $

20. Baseline NOx Emission Standard: 21. Baseline PM Emission Standard:

22. Indicate certified engine United State Environmental Protection Agency or Air
Resources Board Standardized Engine Family Name (if applicable):

B. Information About New Electric Motor:

1. Electric Motor Manufacturer:

2. Electric Motor Model: 3. Electric Motor Serial Number:

4. Estimated Total Annual Hours of Operation:

5. Estimated Annual Energy Usage (include units):

6. Estimated Electric Motor Life: 7. Estimated Rebuild/Replacement
. Schedule:

8. Cost of Rebuilding/Replacing Electric Motor: $

9. Indicate the method of recordkeeping that will be used:

O Annual power consumption records
O Annual records of hours of operation as verified by non-resettable hour meter
installed on the electric motor




STATIONARY AGRICULTURAL ENGINE APPLICATION
Electric Motor Replacement Information (continued)

264

C. General Information About the Installer:

1. Electric Motor Installer:

2. Street Address:

City State: Zip Code:
3. Contact name:
Phone: ( ) Fax: ( )
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APPENDIX H

FORKLIFTS
PROJECT APPLICATION
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Carl Moyer Memorial Air-Standards Attainment Prograr
ST o FORKLIFT'PROJEC

This application is for incentive funds for the purchase of new electric forklift equipment.
Please provide the following information regarding your proposed purchase and‘
application. Additional information may be requested during the review process, if
needed. Applicant acknowledges that award of cash incentive is conditional upon
approval of the District and must meet the minimum eligibility criteria.

Within ten working days of submission, you will either be notified that your application is
complete, or provided with a list of deficiencies. Completed applications fulfilling the
criteria will be approved within 60 working days of receipt. If you have any questions
regarding the application process, please contact:

District Incentive Program Contact
Contact Phone Number '

v CHECKLIST FOR APPLICATION ITEMS v

Be sure the following items are included with your application submittal. Check
each applicable box below to indicate inclusion of material.

Completed Applicant Information — Section A-
Completed Existing Fleet Information — Section B
Completed New Equipment Information — Sections C through E

Completed Information About Existing Forklift Being Replaced — Section F

o o o 0 o

Completed Forklift Information For Operation/Facility Expansion or New
Facility — Section G
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v CHECK LIST FOR ELIGIBILITY CRITERIA v

Please check each applicable box to indicate eligibility of proposed forklift
technology.

U The equipment is an electric forklift:

U Rated class 1 (lift code 5) four wheel sit-down counterbalanced model,
cushion tire.
or

O Rated class 1 (lift code 6) four wheel sit-down counterbalanced model.

 The electric forklift is:

Q Replacing an older non-electric forklift in existing business/fleet.
or

O Part of business/fleet expansion.
or

Q For new facility or business.

Q The electric forklift is rated:
Q 3000 to 5999 pound lift capacity

QO 6000 pound or greater lift capacity (for existing business/fleet).

QO A battery charging unit for the electric forklift will be purchased (includes fast charger
for multiple forklifts).

- U The purchase is not required by any local, state, or federal rule or regulation, or used
to comply with any such rule or reguiation.

L The purchase is not required by any local, state, or federal Memoranda of
Understanding (MOU), or Memoranda of Agreement (MOA), or any other binding
agreement.

L The amount of emission reduction is not required by any local, state, or federal
MOU, or MOA, or any other binding agreement.

Q Seventy five percent or more of the equipment fuel consumption or hours of

operation will be within the boundaries of the district, or within California, for at least
(5) years from the date the equipment is placed into service .
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269

A. APPLICANT INFORMATION:

Organization/Company Name:

Business Type:

Project Name:

Contact name:

Person with contract signing authority:

Street/mailing address:

City: State: Zip code:
Phone: ( ) Fax: ( )
E-mail:

Current operation/facility size (square
feet):

Expanded operation/facility size (square

feet):

Geographic area served by organization:

Geographic area to be served by equipment (if different than above):

| hereby certify that all information provided in this application and any

attachments are true and correct.

Printed Name of Responsible Party:

Title:

Signature of Responsible Party:

Date:
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EQUIPMENT INFORMATION

EXISTING FLEET INFORMATION (Please fill out if you are replacing a non-
electric forklift in your current fleet/business or if this proposed purchase is for

fleet/business expansion. If you are a new facility/business, please continue to
Part C)

1. Number of forklifts in applicant’s existing fieet:

2. Number of non-electric forklifts in the applicant's current fleet:

3. Business or industry of applicant:

4. Does the applicant rent or lease forklifts to other parties?

5. Routine work application of current forklift fleet:

6. Is the current forklift fleet generally used inside or outside?

7. Number of forklifts in existing fleet that are currently used on rough terrain, or
inclines greater than 10 percent?

8. Does the applicant currently own or lease charging equipment?

NEW EQUIPMENT INFORMATION

C. GENERAL INFORMATION ABOUT NEW EQUIPMENT PURCHASED OR
CONSIDERED FOR PURCHASE (To be filled out by all applicants)

9. Number of electric forklifts, rated Class | (lift code 5 or 6) purchased or
considered for purchase?

10. Do you intend to purchase more than one battery pack for each forklift?

11. Number of chargers purchased or considered for purchase?

12. Will the forklifts be used primarily inside or outside?

13. Primary function or work application of equipment:

14a. Estimated total annual hours of 14b. Percent within district boundaries:
operation:
15a. Estimated annual electrical 15h. Percent within district boundaries (jif
consumption for each forklift (kilowatt |applicable):
hours):
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NEW EQUIPMENT INFORMATION (CONTINUED)

16. Describe how, and where the forklift(s) will be charged: (for example, charge
forklift overnight or when not in use, or fast charge multiple forklifts, or remove
batteries from forklift to charge & replace with charged battery packs for multiple
shift operations).

D. NEW ELECTRIC FORKLIFT EQUIPMENT PURCHASED OR CONSIDERED
FOR PURCHASE (All applicants please fill out for each forklift purchased or
considered for purchase)

17. Equipment make:

'118. - Equipment model:

19. Equipment model year:

20. Lift capacity (pounds) for each forklift:

21. What is the forklift class and lift code rating?

22. What kind of tires does the forklift have (air-filled, cushion, other)?

23a. Estimated replacement schedule:  |23b. Project Life (do not include range)

24. Cost of new electric forklift (do not include‘ battery pack):

25. Cost of one battery pack:
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MANUFACTURER OR DEALER INFORMATION

E. MANUFACTURER OR DEALER INFORMATION (To be filled out by all
applicants):

M.anufacture/Dealer:

Street Address:
City: State:
Phone: ( ) : Fax: ( )

Contact Name:

FORKLIFT REPLACEMENT INFORMATION

INFORMATION ABOUT EXISTING FORKLIFT BEING REPLACED (Fill out if you are
replacing a non-electric forklift in your existing fleet. If you are expanding your current
fleet/business or are a new facility/business, go to G):

26. Forkliift manufacturer: o
27. Forklift model & serial 28. Year purchased: 29. Year
number: manufactured:
30.Manufacturer's Maximum Rated Brake 31. Lift capacity (pounds) for each
Horsepower Rating: forklift:
(if known)
32. Estimated annual fuel consumption (include | 33. Estimated total annual hours of
units): operation: '
34. How many years do you typically use your | 35. Estimated cost of replacing
forklifts? equipment:
36. Primary Fuel: Q Diesel A Propane 0 Gasoline

37. Primary functiqn (work application) of forklift:

38. Briefly describe what you intend to do with this forklift after you have purchased
the new electric forklift:
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INFORMATION.ON FORKLIFTS USED FOR OPERATION/FACILITY EXPANSION
OR NEW FACILITY

F. INFORMATION ON THE NON-ELECTRIC FORKLIFT THAT YOU WOULD HAVE
PURCHASED IF YOU DID NOT RECEIVE FUNDING FROM THE CARL MOYER
PROGRAM (Fill out if you are expanding your current operation/facility or are a
new operation/facility):

39. Forklift manufacturer: T

40. Forklift model: 41. Lift Capacity for each forklift (in | 42. Year
pounds): manufactured:

43. Manufacturers Maximum Rated Brake 44. Cost if purchased new:

Horsepower Rating:

45. Estimated annual fuel consumption (include | 46. Estimated total annual hours of
units): operation:

47. Primary Fuel: O Diesel (1 Propane O Gasoline

48.Name and Phone Number of Store or Dealer where you would have purchased the
forkilift:
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APPENDIX |

AIRPORT GROUND SUPPORT EQUIPMENT
PROJECT APPLICATION
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Carl Moyer Memorial Air Standards Attainment Program
ELECTRIC GROUND SUPPORT EQUIPMENT
APPLICATION

This application is to be used for incentive funds for the purchase of new electric ground
support equipment (GSE).

Please provide the following information regarding your proposed purchase and
application. Additional information may be requested during the review process if
needed. Applicant acknowledges that award of cash incentive is conditional upon
approval of the District and must meet the minimum eligibility criteria.

Within ten working days of submission, you will either be notified that your application is
complete, or provided with a list of deficiencies. Completed applications fulfilling the
criteria will be approved within 60 working days of receipt. If you have any questions
regarding the application process, please contact:

- District Incentive Program Contact

Contact Phone Number
< CHECK LIST FOR APPLICATION ITEMS v

Be sure the following items are included with your application submittal. Check
each applicable box below to indicate inclusion of material.

@O Completed Application information - Secftion A

Q Completed information for Existing GSE to be Replaced - Section B through
C

Q Completed Information About Each New Electric GSE Purchased or
Considered for Purchase — Section D

O Completed Information for New or Expanding Fleets — Section E
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v CHECK LIST FOR ELIGIBILITY CRITERIA v

Please check each applicable box to indicate eligibility of proposed electric GSE
equipment:

Q

Q0

The GSE equipment being replaced is 50 horsepower or greater.

New electric GSE equipment of the following type has been (or being considered for)
purchased:

O Belt loader, baggage tug, cargo loader, aircraft tug, lift, or ground power unit.

The GSE will not be operated at the following airports: LAX, Ontario, Orange
County, Burbank or Long Beach.

The new electric GSE equipment will not be leased or rented to another business or
organization.

The purchase is not required by any local, state, or federal rule or regulation, or used
to comply with any such rule or regulation.

The purchase is not required by any local, state, or federal Memorandum of
Understanding (MOU) or Memorandum of Agreement (MOA) or any other binding
agreement (such as air quality certificate requirements).

O The amount of emission reduction is not required by any local, state, or federal
MOU, or any other binding agreements or requirements..



279

ELECTRIC GSE PRCJECT APPLICATION

Please Print or Type All information on This and Any Attached Applications.

A. APPLICANT INFORMATION:

Organization/Company Name:

Project Name:

Business Type: (airport operator, airline, fixed base operator, or equipment
management company, etc)

Street/Mailing Address:

City: State: Zip Code:

Contact Name:

Phone: ( ) Fax: ( . )

E-mail:

California airport where GSE will be operated:

I hereby certify that all information provided in this application and any
attachments are true and correct.

Printed Name of Responsible Party: Title:

Signature of Responsible Party: Date:

{-3
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EXISTING GSE INFORMATION

For each piece of equipment that you plan to replace, complete and atfach one
copy of the appropriate section.

B. INFORMATION ABOUT EXISTING GSE EQUIPMENT TO BE REPLACED

1. Equipment Operator: (airport, airline, equipment management company, etc.)

2. Equipment Type:

3. Engine Type: U Compression Ignition O Spark Ignition

4. Equipment Manufacturer:

5. Engine Model: 6. Engine Series: 7. Engine Serial Number

8. Manufacturer's 9. Year Purchased 10. Model Year:
Maximum Rated Brake ‘
Horsepower Rating:

11. Primary Fuel: U Diesel U Natural Gas O Other If “Other,”
specify fuel: :

12. Estimated Total Annual Hours of 13. Estimated Engine Operating Load (if
Operation: known)

14. Airport that Equipment Operated:

15. Percent Equipment Operated in California:

16. Average Equipment Life (total hours): | 17. Typical Replacemént Schedule:

18. Cost of Replacing with new Equipment. $

19. Baseline NOx Emission Level (g/bhp- | 20. Baseline PM Emission Level (g/bhp-
hr): hr):

21. Indicate certified engine United State Environmental Protection Agency or Air
Resources Board Standardized Engine Family Name (if applicable):
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C. Briefly describe what do you plan to do with equipment that is being replaced

NEW GSE INFORMATION

For each piece of equipment that you plan to purchase, complete and attach one
copy of the appropriate section.

D. INFORMATION ABOUT NEW ELECTRIC MOTOR

8. Type of Equipment (i.e. belt loader, aircraft tug, etc):

2. Number of Equipment Pieces:

9. Equipment Manufacturer:

10. Electric GSE Model: 5. Electric Motor Serial Number:

11. Estimated Total Annual Hours of Operation:

12. Airport at which equipment will be operated:

13. Cost of Equipment: 14.Cost of battery pack (if not
included in #7)

10. Estimated Useful Equipment Life (hours):

1 11. Indicate the method of recordkeeping that will be used:

EI Annual power consumption records
O Annual records of hours of operation as verified by non- resettable hour meter
installed on the electric motor
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FLEET EXPANSION OR NEW BUSINESS

FLEET EXPANSION (if you are expanding your fleet, please provide information
on the GSE Equipment You Would Have Purchased had not incentive funds been
available.):

1. Equipment Type:

2. Number of Equipment:

3. Engine Type: - O Compression ignition O Spark Ignition

4. Equipment Manufacturer:

5. Engine Model: 6. Model Year:

7. Manufacturer's Maximum Rated Brake Horsepower Rating:

8. Cost of New GSE Equipment:

9. Primary Fuel: [ Diesel O Natural Gas O Other If “Other,”
specify fuel:




